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INTRODUCTION. 


W uen we examine the objects of the universe as wncon- 
nected with each other, we study their shape and colour,— 
we inquire into the methods by which they have been form- 
ed, and endeavour to ascertain whence they are procured. 
When, on the contrary, our attention is drawn to the va- 
rious changes that are daily going on among them, we view 
them in connexion,—we endeavour to find out their com- 
position, investigate the laws by which they are influenced, 
and examine the results of the operations of these laws. 
Thus the study of the material world is divided into two 
great branches, Natura History, and Natura Putto- 
sopHy ; the former giving a description of the objects of 
the universe, the latter considering the laws by which 
they are governed. 

The laws which influence matter, are those of Art- 
TRACTION and Reruusion. If a stone, held in the air, 
be let go, it instantly falls; or if a piece of sugar be 
put into water, they do not continue inactive, the for- 
mer quickly disappears, and the latter acquires a sweet 
taste ; changes ascribed, in both cases, to an attraction 
existing among objects, which, when they are under fa- 
vourable circumstances, causes them to approach or com- 
bine. 

On the other hand, when heat is applied to a body, it 
is enlarged ; or if two loadstones be placed in a particu- 
lar position, they instantly retire from each other ;—an 
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effect opposite to the former, for, instead of being at- 
tracted, they are repelled; and which is ascribed toa 
repulsion existing among substances, or their particles, 
by which they are made to-recede. 


By the operation, then, of attraction and repulsion on — 


the different objects of nature, are produced the various 
events which are daily going on around us. The hea- 


venly bodies are retained in their places, and regulated 


in their movements; substances are presented to us, in 
the form of solids, fluids, and airs; and, by their ope- 
ration, many important changes ensue on the approach 
of these to each other. To investigate these laws, to 
point out the changes produced by them, and to ascer- 
tain the powers by which they are influenced, consti- 


tutes that branch of science called Naturart Puxt.oso- 
¢ 


PHY. | 
But attraction and repulsion are of two kinds, distin- 


guished by the objects on which they operate, and the 
changes they occasion. One kind acts on bodies placed 
at a distance, causing them to approach; a change of si- 


tuation being the only one effected; while another acts 
on them only when in contact, causing them to wnite, 


and undergo an alteration of properties. 

These laws are still farther distinguished. ‘The attrac- 
tion which produces only change of situation, acts on 
the mass ; the other, that occasioning change of proper- 
ties, acts on the particles, making those of the one com- 
bine with those of the other, and form the new substance. 

This difference between the different kinds of attrac- 
tion,—the one acting on the mass, and causing only 
change of situation,—the other operating on the parti- 


cles, and producing an alteration of properties, has given’ 


rise to the division of Natural Philosophy into two 


branches: the one, or the investigation of the former 


species, is called Mrcuanicat Philosophy; the other, 
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or the examination of the latter, is termed CHEMICAL 
Philosophy, or simply Curemistry. 

These laws, however, are much influenced by other 
powers, as heat, light, electricity, and galvanism. In 
some cases they promote, in others they retard, their 
operation. They must therefore also be examined; the 
laws by which they are governed, and the changes they 
produce, must be illustrated. A wide field of investiga- 
tion is thus presented to us:—We have to point out the 
nature and composition of bodies ; examine the changes 
they undergo by the operation of attraction and repul- 
sion ; we have also to ascertain the effects of heat, light, 
electricity, and galvanism, and illustrate the laws by 
which they are regulated. 

As we have thus not only to point out the nature and 
composition of bodies, and the changes they undergo, 
but also to investigate the powers by which attraction is 
influenced, Chemistry has been usually divided into two 
great branches, the GENERAL and Particunar doctrines, 
—the former, including the investigation of heat, light, 
electricity, galvanism, and the circumstances attending 
the operation of attraction in general; the latter, con- 
taining an account of the composition and qualities of 
different bodies,—a division to which I intend to adhere 
in the present work ; so that, after considering attraction, 
and the powers by which it is influenced, we have next 
to describe the properties of different bodies, dividing 
them, as usual, into the three great classes,—the produc- 
tions of the mineral, the vegetable, and the animal king- 
doms. With respect to the classification of inorganic pro- 
ductions, I am aware that that which I have adopted is 
not without its defects, but this is equally applicable to 
all the others yet recommended. It possesses one great 
advantage, however, that of bringing together substances, 
the properties of which are similar, and in which I con- 
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ceive the electro-chemical arrangement is so deficient: 
What bodies, for instance, are more dissimilar in their 
habitudes of action, than oxigen and chlorine, yet being 
considered electro-negatives, they are, according to this 
arrangement, treated of together; while chlorine is sepa- 


rated from sulphur and others, to which it bears, in. 


many respects, a strong resemblance, particularly in 
forming compounds, the qualities of which are alike. 
‘ In the arrangement I have adopted, inorganic bodies 


are divided into acidifying and alkalifying principles *, 


acidifiable and alkalifiable substances, acids, alkalies, and 


compound salts. Acidifiable bodies are divided into 
simple and compound, and the alkalifiable ones are ar- 
ranged under three heads; jirst, those forming bases 


commonly called alkalies; second, those forming bases 


called earths; third, those forming bases long called 


calxes or oxids. I have not, however, adhered strictly 
to the arrangement mentioned. For instance, after de- 
scribing the alkalies, I have thought proper to consider 


the salts they form by their union with acids, while those 


of each earth, and common metallic oxid, are treated of 
along with the metal of which they are composed,—a de- 
viation adopted for the sake of those who are attending 


lectures on Chemistry, for whose use this work is chiefly 
intended. After the consideration of the productions of 
the vegetable and animal kingdom, a few pages are given’ 
on Analytic Chemistry ;\ and an Appendix is added, in 


which is contained matter that could not with propriety 
be elsewhere introduced, such as tables of the strength of 
acids, solubility of salts, &c. 


* The term alkah is here used in its most extended signification, a salifi- 


able base. 
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SECTION I. 


HEAT, OR CALORIC. 


Warr a person places his hand on a piece of hot metal, 
a particular sensation is excited ; or if he thrust the end of 
a poker into a fire, it soon becomes red hot. This is sup- 
posed to be owing to something passing from the metal 
to the hand, or from the fire to the poker, which, in ge- 
neral language, is called Heat. This term is, however, 
employed in a double acceptation,—to denote both the 
cause and the effect. A more correct language is now 
adopted by chemists, though even to it they do not ad- 
here strictly. The word Caloric (derived from the La- 
tin calor, signifying heat,) is used to denote the cause, 
while the term Heat is still retained to express the sensa- 
tion. By Heat, then, we are to understand the sensa- 
tion produced by a warm body; by Caloric, the active 
cause of this sensation. 

Caloric is the most active agent in nature. All ob- 
jects contain it; but different bodies have different quan- 
tities ; and on this depends their Temperature. It has a 
tendency to pass from one substance to another, though 
differently,. according to circumstances. In some cases, 
it passes slowly from particle to particle ; in others, '; it 
darts through the air with immense velocity, from one 
body to another. In either of these ways heat is commu- 
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nicated, till an equality of temperature is established, 
unless prevented by the operation of some foreign power. 

Besides these, Caloric produces other effects; thus, by 
receiving it a body is enlarged, and, as it continues to re- 
ceive it, the enlargement increases, till it becomes either 
fluid or vapour. 

Cold is generally believed to be merely the loss of ca- 
loric ; the particular sensation excited, by what is called 
cold, being occasioned, not by any particular agent, but 
solely by the abstraction of heat. 

The most vague ideas have, from the earliest times, 
been advanced concerning the nature of caloric, but only 
two opinions have of late been entertained with respect to 
it. According to some, it is, like gravity, merely a pro- 
perty of matter, and depends ona certain condition of the 
body ; according to others, it is a peculiar kind of matter, 
governed by its own laws, and exerting different actions 
on substances. ‘The former has been called the Mechani- 
cal, the latter the Chemical or Material theory. 

That caloric is merely a property of matter, seems to 
have been advanced by Lord Bacon; and he was induc- 
ed to adopt this opinion from considering the different 


facts concerning its evolution, more particularly during 


friction and percussion. Many bodies when rubbed 
become warm, and some even take fire, of which we have 
a good instance in phosphorus, for if a chip of it be put 
between paper, and rubbed, it is almost instantly kindled. 
In this way forests have been burned by the branches 
rubbing on each other during storms; machinery also, by 
the friction of the wheels, and ships, from the cables rub- 
bing against their sides during the lowering of the anchor, 
have likewise been set on fire. 

These facts drew the attention of other philosophers to 
the subject, but more particularly that of Count Rum- 
ford, who has made many interesting experiments on the 
subject.—-(Essays, Vol. II.) Insome of these, he em- 
ployed the apparatus used for boring cannons. The in- 


strument, weighing 151b., was surrounded by 18lb. of — 


water, at 60, which, in the course of an hour, rose to 107, 
and in 24 hours began to boil, the cylinder revolving 32 


ee, 
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times in a minute. Rumford calculated, that the caloric 
given out in this experiment was equal to that of nine wax 
candles of ? of an inch in thickness, burning with a clear 
flame. The machine, during the boring, did not appear 
to be in the least exhausted of its power of generating it. 
The quality of the metals and of the water was not alter- 
ed, and the air had no share whatever in the action; he 
therefore concluded that the source of the heat was mere- 
ly motion, by which a vibration of the particles was ex- 
cited, the intensity of the heat depending on the quick- 
ness and violence of the vibrations. 

Sir H. Davy, who had espoused this side of the ques- 
tion, also performed some very interesting experiments 
regarding it.—(Beddoes’ Med. Contributions.) By rub- 
bing two pieces of ice together, he found that part of 
them was converted into water. Here then a change had 
taken place, and one, for the production of which a very 
large quantity of caloric must have been evolved ; for, as 
will be afterwards proved, (sce Fluidity), during lique- 
faction, heat is absorbed by the fluid that is formed. 

Though these may appear strong arguments in favour 
of the immateriality of caloric, yet it is now almost uni- 
versally admitted, that it is a material agent, possessing 
properties, and governed by laws, peculiar to itself; and 
when we consider the late important discoveries with re- 
spect to its existence in the solar ray, and the possibility of 
separating it from the light, we may view the question, 
with respect to its mature, as decided. Whether heat 
and light are distinct kinds of matter, or are merely mo- 
difications of each other, has not yet been determined. 
There are strong arguments in fayour of both opinions. 
These, however, will be afterwards stated, when the pro- 
perties of both haye been detailed, and when the reader 
will be better able to trace the connexion between them. 
Considering heat as a material agent, we shall find that 
the different circumstances concerning its distribution, its 
communication, and the sources from which it is derived, 
are better explained, and more easily understood, than if 
we were to yiew it as a mere property of matter. 
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In treating of Caloric, it is intended to consider it 
under the following heads : 

1st, Its effects. 

Qd, Its communication. 

3d, The quantity of it in bodies. 

Ath, Its sources, under which are included the sources 
‘of cold. 

Though the subject of caloric is thus to be divided 
into these different heads, it is not intended to treat of 
them in the order mentioned. ‘We ought to consider, 
first its communication, and the quantity of it in bodies; 
-but before treating of these, it is necessary to explain the 
construction of thermometers, and the principles on which 
they operate, for without a-knowledge of them, all that 
is said of the laws and effects of caloric would be unin- 
telligible. Before considering its distribution, therefore, 
we have to treat of Expansion, and explain the use of 
thermometers, and how it is that by them we are enabled 
to judge of the effects of heat. 


Tue EFFEcCTs oF CALORIC. 


The general effects of caloric are four,—E«pansion, 
Liquefaction, Evaporation, and Incandescence. 


Expansion. | 
By the expansion of a body by heat 1s meant, that as it re- 
ceives it, it is enlarged in all its dimensions of 
length, breadth, and thickness. -'That a solid 
‘is expanded by heat is shewn, by taking a 


rod of iron, A, for which we have a gauge, if 
B, accurately fitted, so that it enters between 
the projecting parts C and D, and passes , B 


through the hole E at the end, when at a 
natural temperature. By putting it into a 
fire, and bringing it to a red heat, it will © D 
‘be so enlarged, as not to pass through the 
hole, or to go between the projections. 

The expansion of a fluid is proved, by putting water, 
or spirit of wine, into a flask, A, and marking its height 
at B. If the vessel be put into a jug of warm water, as 
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the heat flows from the one into the other, the 
spirit is enlarged, as will be shewn by its 
rising in the neck of the vessel to C. 

That air is expanded by heat is easily prov- 
ed, by holding a bladder half full of it near a 
fire; the air in it is enlarged, so as to make 
the bladder quite tense. 

Though bodies are thus expanded by caloric, the expan- 
sion is not permanent. When we withdraw the additional 
quantity of heat which occasioned it, they regain their 
original volume. Thus, if the bar of iron, when hot, be 
thrown into a basin of cold water, it will enter the gauge 
as before. The fluid, when removed from the jug, will 
quickly sink, so as to resume its former height ; and the 
bladder, when taken from the fire, very soon becomes 
flaccid. This is generally called Contraction. Substan- 
ces are said, therefore, to expand by heat, and to contract 
by cold; by which last term, it must be kept in mind, 
is meant merely the abstraction of caloric. 

Bodies are not equally enlarged by heat. In the case of 
the iron, though that added far exceeded what was given 
to the others, yet it is necessary to have an instrument 
to ascertain that it is enlarged. The expansion of the 
fluid and air is easily perceived. We in general find , 
that objects increase in size, in the inverse ratio of their 
density. Thus aeriform substances, which are least dense, 
are most expanded; next come fluids, which are next 
in density ; and lastly, solids, the most dense, are enlarg- 
ed the least. 

The enlargement of bodies in the same state, does not 
bear a strict relation to any of their other properties. In 
general, the densest enlarge the least ; but this is not al- 
ways the case. Thus metals are much denser than glass, 
but they are more expanded by the same addition of 
caloric.- 

There appears to be some relation between the ex pan- 
sion - and fusibility of. solids, as it has been found ina 
number of cases, that they follow nearly the same order 
in different bodies. Thus, in the table given by Ellicot, 
(Ph. Tr. xlvii.) the. enlargement follows very nearly the 
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order of fusibility, but even to this there are also excep- 
tions. 

The expansion varies likewise in liquids, and ag it is 
greater than in solids, the difference is more perceptible. 
Thus water is more enlarged than quicksilver, and spirit 
of wine more than water. 

Though solids and fluids differ in their expansibility, 
it is the reverse with airs. It has been proved satisfac- 
torily, that all bodies in this state are equally enlarged 
by equal additions of caioric. 

It might be expected, that the enlargement would pro- 
ceed regularly with the increase of temperature, but this 
is by no means the case; it proceeds in a greater ratio, 
as has been satisfactorily proved by the experiments of 
Dulong and Petit, (Ann. of Phil. xiii. 164.) They have 
found that, in solids, as metals, the expansion is not in 
proportion to the addition of heat. Thus that of iron 
from 82 to 212 F. was 1-282th, while from 32 to 572 it 
was 1-227th; that of copper, during the first, was 1-134th, 
and during the last, 1-177th. The same they have found 
is the case with fluids. ‘The nearer these are to their 
freezing point, the less is the expansion, as is remark- 


ably the case with water. Of course, as they approach — 


the boiling point, the enlargement becomes greater: — 
hence it is most nearly equal at the middle between 
these. Quicksilver, therefore, which has a great range 
of temperature between that at which it freezes, and that 
at which it boils, is, at the heats to which it is usually 
subjected, more uniform in its expansion than any other 
fluid ; and hence it is preferred for thermometers. 
Mr Dalton, (Elements of Ch. Philos.), has endeavour- 
ed to show the ratio by which fluids enlarge by the addi- 
tion of caloric. This, he says, is progressive, being as 
the squares of the temperature, commencing at the point 
of congelation, or greatest density. ‘Thus, if a fluid ex- 
pand two degrees by the acquisition of a certain quanti- 
ty of caloric, with double the addition it will enlarge 4, 
and with treble 9 degrees. 
The preceding remarks concerning the itregularity of 
the expansion of bodies, apply to solids and fluids only. 
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It has been proved, by numerous experiments, that in 
airs it keeps pace with the addition of heat: It has also 
been ascertained, that it is 1-480th part for each degree 
of the thermometer, commencing at 82 F. Sce Air. 

With respect to the cause of expansion, those who sup- 
pose that caloric is not material, imagine that it depends 
on the force of the vibrations separating the particles, 
and thus making them occupy more space than before ; 
while the supporters of the material theory assert, that 
it is caused by the particles entering between those of 
the body, and thus removing them to a greater distance 
from one another. Prevost, however, alleges, that the 
particles do not actually recede, but that they merely 
assume a new arrangement, so as to cause the enlarge- 
ment. 

Caloric, it is thus evident, tends to separate the par- 
ticles of a substance; cohesion, on the contrary, keeps 
them together; so that these are opposite powers, and 
hence may be explained the diversity in the enlargement 
of bodies, in their different states. Thus solids are en- 
larged less than fluids, the cohesion between their parti- 
cles being strongest ; in elastic substances, in which it is 
entirely overcome, the expansion is greatest. It would 
from this appear, that the enlargement is inversely as the 
cohesion, so that, had we any measure of the one, it would 
perhaps afford also an indication of the other. This opi- 
nion seems strengthened by the fact, that as the tempera- 
ture of a body is elevated, by which the cohesion is dimi- 
nished, the expansion always becomes greater ; and again, 
the expansion of aeriform fluids, in which the cohesion is 
overcome, is not only the same in all, but it is in the ratio 
of the addition of heat. 

As bodies are expanded by heat, and as they all, even 
when at a natural temperature, contain it, itis evident that 
they must be in a state of expansion. ‘That this is really 
the case may be easily shown, by putting any fluid, as 
_ spirit of wine, into a flask, marking its height, and plac- 
ing it into a cold mixture, or one which will withdraw heat 
from it, as salt and ice, it will immediately begin to contract, 
and, of course, sink in the neck of the vessel. The same 
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would happen were we to cool a-bar of iron, or a bladder 
filled with air. All bodies, therefore, are, even at a 
natural temperature, in a state of expansion. . 

As substances are enlarged by heat, and contracted by 
the loss of it, it is also evident, that their specific gravity 
must be changed. By specific gravity is meant, the com- 
parative weights or quantities of matter in equal bulks of 
bodies. If, then, a substance be heated, by which it is 

expanded, it must contain less matter in the same space 

than before, it must therefore weigh less, consequently 
its specific gravity must be diminished. Suppose we 
have a small bottle, full of water, and having weighed 
it, we find that it contains exactly 1000 grains ; by hold- 
ing it in the hand for some time, so as to throw in heat, 
the fluid must be enlarged, part will therefore escape, so 
that it must weigh less than before, by that which) is 
thrown out. The bottle still, however, continues full, 
that is, we have the same bulk of fluid, but of less weight, 
the specific gravity is therefore lessened. | 

As heat diminishes specific gravity, cold, or the ab- 
straction of it, increases it; because, by occasioning a 
contraction, it brings the same matter into less space,— 
in other words, the same volume must contain more mat- 
ter, and therefore must be heavier. Suppose, as before, 
that we have the small bottle full of water, and contain- 
ing 1000 grains ; if we apply cold, the fluid will contract, 
the bottle is therefore no longer full; so that, if we wish 
to have the same bulk, we must add more water, conse- 
quently it will weigh more. If, bulk for bulk, it is hea- 
vier, its specific gravity must be increased. ‘ 

That a change of temperature alters specific gravity, 
may be shewn in another way. Put into a jar of water 
a glass ball, or any other object, so as just to 
float at A, and plunge this into a jug with a - 
warm fluid, C; as the calorie enters from the 
one into the other, the ball will gradually fall 
to the bottom, B, shewing that the density of 
the water has been diminished. On the con- 
trary, if a ball be put. into water, so as just to. 
sink to the bottom, B, and the vessel be sur- 
rounded by a cold mixture, C, as the fluid 
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loses its heat, the ball will rise to A, shewing that the 
density, or specific gravity, has become greater. 

_ The change in specific gravity by an alteration of tem- 
perature, is also beautifully illustrated by the movements 
occasioned in the particles of fluids and airs, by the addi- 
tion and abstraction of caloric. If heat be applied to the 
bottom of a jar of water, the particles below, as they re- 
ceive it, are enlarged, and ascend, owing to their dimi- 
nished specific gravity ; the colder ones fall, also gain ca- 
loric, are expanded and rise, so that there is a constant 
ascent of warm, and descent of cold particles. These 
movements are much more apparent if some flocculent 
substance be suspended in the fluid, and for this purpose 
we have merely to throw in a little of the solution of 
any earthy salt, as alum, and afterwards that of potashes, 
by which the earthy matter is separated in fine powder. 

If, on the contrary, we apply cold to the surface of 
the fluid, the particles above, as they give out their heat, 
contract and sink, because their specific gravity has be- 
come greater ;. the warmer particles rise to supply their 
place, they also lose caloric, contract and fall, so that 
there is thus a constant current of cold particles down- 
wards. 

The change in the specific gravity of aeriform fluids, 
may be illustrated in the same way. If a red hot poker 
be held in the air, and a person place his hands, the 
one above, the other below it, and at equal distances, 
that which is above is more warmed than the other, be- 
eause the particles of air in contact with the poker, as 
they receive heat, are expanded, and rise, while others 
rush in to supply their place, and acquiring caloric, also 
expand and ascend, so that the heated air is constantly 
flowing to the hand above. On the contrary, if a piece 
of ice be held in the situation of the poker, the hand be- 
neath is most cooled, because the particles of air giving 
forth their caloric to the ice, are diminished, become 
therefore of greater specific gravity, and fall. 

. Since specific gravity is thus so easily changed, it is 
necessary, when attempting to find that of any body, 
that we be particular in attending to temperature. For 


10 CALORIC. 


this reason Chemists have usually fixed on 60 F. asa 
standard ; but, in general, in stating the specific gravity, 
the temperature at which it was taken is also mentioned. 

Lhe force with which expansion occurs, is very great. 
If a bar of iron, fixed at both ends, be heated to redness, 
it expands with such force, that it either bends, or bursts 
asunder, the parts to which it is attached. ; 

Lhe general law of expansion is applied to many use- 
Sul purposes ; but it is also a source of great inconvenience. 
The cracking of glass vessels, and other bodies of a sic 
milar nature, is occasioned by it. When warm water is 
poured into a cold tumbler, the particles within, as they 
receive heat, expand, but owing to the slow transmission 
of it through the glass, those on the outside continue for 
some time as they were, they do not therefore yield to 
the inner ones, and a crack is the consequence. On the 
contrary, when cold water is put into a warm glass, the 
Inner particles, as they lose their heat, contract, while 
the outer ones remain expanded, they do not follow the 
others, and hence also the vessel is cracked. This points 
out the necessity-of warming or cooling glass gradually, 
to allow time for the uniform expansion or contraction. 
The cracking is also prevented by having the vessels very 
thin, by which, should they be suddenly heated or cool- 
ed, the whole is almost instantaneously expanded or con- 
tracted. , 

There is, perhaps, no artist put to so much inconve- 
nience from expansion as a clock-maker. Clocks, which 
are made of metal, are much affected by a change in the 
volume occasioned by an alteration of temperature, which 
causes the movements to vary at different times; but the 
pendulums are more particularly affected. The quickness 
of the vibrations of a pendulum depends on its length,— 
the longer it is, the fewer the vibrations in a given time. 
If therefore it be lengthened by heat, they become fewer, 
and consequently the movements of the clock are slower. 
Luckily, however, a remedy for this defect has been dis- 
covered, and in the very source of the inconvenience it- 
self. All the different kinds of Compensation Pendulums 
are on the same principle, but the simplest, and the one 
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most easily understood, is that called the Gridiron Pen- 
dulum, so termed from its appearance. It is composed. 
of two metals, iron and brass, the latter of which expands 
twice as much as the former, by the same addition of heat. 
When properly constructed, it consists of two iron reds, 
A B, and four brass rods, C D, fixed in the 
cross bars, EF, GH. The upper end of 
A is the point of suspension, and, after pass- 
ing through a hole in E F, its lower one is 
fixed to the bar GH. The lower extremity 
of B has the ball attached to it, while, after 
passing through a hole in G H, its upper 
one is fixed to E F. The brass rods are all 
rivetted to the cross bars. Suppose heat is 
applied to this pendulum, by which each 
iron rod expands half an inch, the ball 
would thus be thrown an inch down; but 
as the brass expands twice as much as the 
iron, each rod would be lengthened an inch, 
and throw it an inch up, the four rods act- 
ing merely as one. Since, then, the length- 
ening of the brass raises it just as much as that of the 
iron tends to depress it, the pendulum is kept always of 
the same length, and the movements of the clock are not 
liable to be affected by a change of temperature. 
Though expansion is a source ofsgreat inconvenience, 
yet it is put to many useful purposes. A wheel-wright 
daily resorts to it, for fixing the hoop on the wooden part 
of the wheel. Jor this purpose, having made it a very 
little less in diameter than the other, he expands it by 
bringing it to a red heat, and, when in this state, he puts 
it on the wheel, and instantly dashes cold water on it, 
by which it contracts, and embraces the wheel tightly. It 
frequently happens, that the stopper of a bottle becomes 
fixed ; it may however, in general, be taken out, by hav- 
ing recourse to expansion. The corner of a towel is 
dipped in warm water, and applied around the neck, so 
as to throw caloric into it, and cause it to expand, by 
which its diameter is enlarged, before the stopper réceives 
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any heat, so that, by giving it a slight blow with a piece’ 
of wood, it is easily removed. 

By far the most useful application of expansion is, 
making it a measurer of temperature. As the increase 
of volume is not great, different methods have been re- 
sorted to for indicating any slight change. The instru- 
ment, now brought to a great state of perfection, is call- 
ed a THERMOMETER, from ésguen, heat, and weresr, medsure. 

The first thermometer was that contrived by Sanctorio, 
an Italian physician, of the 17th cen- 
tury. It consists of a tube, A, with a ball 
blown at one end, which, with part of the 
tube, is filled with air; the remainder 
contains a red fluid, the open end being 
placed in a cup of it, B. Suppose that 
the fluid stands at 40, and heat be ap- 
plied to the ball, the air within, as it re- 
ceives caloric, will be expanded, and 
force it down. If, on the contrary, cold 
be applied, the air within, as it loses its 
heat, will be contracted, the fluid must 
therefore rise. As each addition, or ab- 
straction, will always cause the same ex- 
pansion or contraction, we have thus an 
indication of the change in temperature. 
This instrument, though extremely deli- ; 
cate, answers for certain kinds of experiments only ; it 3 

U4 
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has therefore undergone various alterations, perhaps the 
best of which is to make it of this form. It is merely the 
tube bent near the ball, by which we can 
keep this below, and thus plunge it into a sub- 
stance, with a view of finding its temperature. 
In this modification, a part only of the ball 
is filled with air, the remainder, with part of 
the tube, contains the fluid. On applying 
heat to the ball, the air will expand, and 
cause the liquid to rise. . 

The different modifications of the Sanctorio, or air 
thermometer, though extremely delicate, are liable to 
one very great objection. It will be afterwards proved, 
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that the atmosphere, though a light substance, yet, from 
its great bulk, presses on this earth, and other objects, 
with a weight of 15 lb. on the square inch. Ass this va- 
vies at different times, it must exert unequal pressure on 
the liquid in the cup of the one, or in the tube of the 
other, and thus cause it to stand at different heights, 
though there has been no change in the temperature of 
the air within the ball, the alteration in volume being oc- 
casioned, not by an alteration of temperature, but of pres- 
sure. Professor Leslie has, however, obviated this ob- 
jection, in his Differential Thermometer. It consists of 
a tube, forming three sides of a square, 
with a ball as nearly as possible of equal 
dimensions at each end. After the in- 
troduction of the red fluid, the tube is 
sealed by a blow-pipe, so that it is thus 
cut off from being affected by any change 
in the pressure of the atmosphere. On 
applying heat to a ball, the air in it en- 
larges, and forces the fluid down, mak- 
ing it of course rise in the opposite stem. Again, on ap- 
plying cold, the air contracts, and the liquid regains its 
former height. This instrument has been called a dif- 
ferential, because it points out the difference between 
the temperature of the two balls; and that it does so is 
evident, for if it be brought from a cold to a warm room, 
provided the balls are alike in all respects, the heat will 
act equally on both, so that the air in both will continue 
as it was, and there will therefore be no change in the 
height of the fluid. 

Though the thermometers now described are extreme- 
ly delicate, they answer for certain experimentsonly. A 
very great improvement was introduced, by substituting 
for air, a fluid, the expansion of which should indicate 
the temperature. ‘Those in general use are spirit of wine 
and mercury, the former for ascertaining low degrees of | 
heat, as it cannot be made solid by any cold we can ap- 
ply to it; the latter for high temperatures, as it requires 
considerable heat to make it boil. The thermometer now 
used, consists of a slender glass tube, with a bulb at 
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one end, which, with part of the tube, are filled with the 
fluid. Before using a tube for making a thermometer of 
it, it is necessary to ascertain if it is of equal dimensions 
throughout. This is done by immersing one end into 
mercury, placing the finger on the opposite end, and after 
removing it, holding it horizontally, and measuring the 
length of the fluid. By taking off the finger, and inclin- 
ing the tube, it will flow on to another part, where it 
must be again measured, and, by repeating this several 
times, it will beascertained if itis of equal calibre through. 
out; for, if so, the fluid will be at each part of the same 
length. If not uniform in its diameter, it must be re- 
jected, because, if made into a thermometer, the tempera- 
ture indicated by the expansion will not be correct. The 
introduction of the fluid, though at first sight it may ap- 
pear difficult, is easily accomplished. By the application 
of heat to the ball, part of the air is expelled, so that, 
if the open end be then plunged into ‘it, it will enter to 
supply its place, being forced in by the pressure of the 
air. By again applying heat, the fluid is made to boil, 
by which the whole of the air is driven out, and the ball 
and tube are filled with vapour, which, as its temperature 


falls, is condensed. A vacuum is thus procured, so that, 
if the mouth of the tube be instantly plunged into the — i 


fluid, it is forced in and fills it. After this, the open end 
is shut by a blow-pipe, expelling as much as possible, the 
atmospheric air still remaining in it, that it may not, as the 
liquid rises, impede its ascent. ‘This is done by expand- 
ing the fluid till it reach near the end, and sealing the 
tube when in this state. | 

The principle on which the thermometer operates’ is 
by the general law already noticed, that an equality of 
temperature is soon established between different bodies. 
When, then, a thermometer is brought into contact with 


a substance warmer than itself, the fluid in it receives ca- 


loric, by which it is expanded, and rises in the stem. 
When, on the contrary, it is plunged into a cold mixture, 
the heat passes. from it into the other, the fluid contracts, 
and falls. ‘The height .at which it stands indicates its 


temperature, and consequently that of the other body — 
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with which it is surrounded, a scale being adapted to the 
tube. In applying a scale, it is necessary that it be so 
constructed, that the experiments made with one instru- 
ment should agree with those made with another. It has 
been ascertained that water freezes always at the same 
temperature, and that that at which it boils is uniformly - 
the same, provided the pressure of the air does not vary. 
—( See Evaporation.) The parts at which the fluid will 
stand in a thermometer placed in water undergoing these 
changes, will therefore be always the same. ‘These, 
then, are taken as fixed points in adapting a scale, and are 
termed the freezing and boiling points, the space between 
them being divided into equal parts, called degrees. 

The thermometer used in this country is that recom- 
mended by Faurenneit, a Dutchman, who divided the 
space between the freezing and boiling of water into 180 
degrees, and conceiving that the greatest cold that could 
be produced was that of a mixture of salt and ice, he 
placed the commencement of the scale there; the freez- 
ing of water took place at 32 above this, the boiling 
point, being 180 more, was of course 212. Fahrenheit 
soon, however, found, that greater degrees of cold could 
be produced than that of a mixture of salt and ice; he 
was therefore under the necessity of extending his scale 
downwards. When, then, we speak of a temperature 
below the beginning of the scale, we say that it is so 
many degrees below 0, or the sero, as it is called. A 
shorter, and more convenient way of expressing it, is 
to add the word minus, or its algebraic sign—-. Thus, 
minus 40, or — 40, signifies 40 below zero. 

Other scales than that of Fahrenheit have been re- 
commended, and though not in use in this country, are 
much employed on the Continent. Reaumur has divided 
his into 80 parts between the freezing and boiling points. 
One degree of this scale is therefore equal to 24 of F. i, e, 
4 to 9. To reduce those of the one to the corresponding 
degrees of the other, the degrees of Reaumur must be mul- 
tiplied by 9, the product divided by 4, and 32 added, 
because the commencement of the French scale is 32 
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Above that of ko oT hus GOR. x —— 135 + 32 


= 167; so that 60 R. — 167 F. 

To reduce the degrees of F’. to those of R. substract 
32, then multiply by 4, and divide by 9. Thus, 194 — 
32 — 162 x 4 = os 18; so that 194 F. — 72 R. 

Celsius of Sweden has adopted a much more natural 
division of his scale. He commences it at the freezing of 
water, and divides his interval between this and the boil- — 
ing point into 100. Hence it is called the centigrade 
thermometer ; 5 of C. are equal to 9 of F. of course the 
same rule must be followed in making the degrees of the 
one correspond with those of the other. Thus, 60 C. 


pc a = 108 +82 — 140 5 s0 thatG0 C. —= 140 F. 


5 
Again, 185 F. —32=1 105 _ 
gain, —32=—1538 x5 = =e = 85; so that 
185 F. = 85 C. 

The supposed accuracy of the thermometer has been call- 
ed in question. It has been already said, that equal ad- 
ditions of caloric cause at different temperatures differ- 
ent expansions in fluids, and hence it is imagined by some, — 
that the enlargement does not indicate the real tempera-_ 
ture. The glass also of the instrument must expand a_ 
little, which is likewise supposed to cause a different ex- ; 
pansion to appear from what really takes place. Mr Dal- 
ton, (Chem. Phil.) supposing that it follows the law laid 
down by him, viz. that it is as the squares of the addition 4 
of caloric, says that the degrees on the lower part of the — 
scale are too large, while those at the upper part are too 
small. According to him, suppose 32 of F. to agree 
with 32 of his scale, 127 of the former is equal to 142, 
151 to 162, and 199 to 202 of the latter. As we de- 
scend, the difference is still greater. Mercury freezes 
at — 40 F. while, according to Dalton, it ia to be 
— 175. 

According also to De Luc, (Recherches, vol. i.) the 
expansions in the thermometric fluid are not uniform. 
Thus, in one experiment in which equal quantities of ice 
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told and boiling water were mixed, a mercurial thermo- 
meter did not indicate the mean 122, but 119, from which 
it would appear that the mercury did not expand ac- 
cording to the addition of heat. This has induced him 
also to give a scale, in which the apparent expansions, as 
indicated by a thermometer, are compared with what he 
supposed to be the real ones. According to him, taking 
$2 as fixed points in each, 77 F. = 79.5 of De Luc, 122 
= 125.15, and 167 = 169.16. 

_ Though De Luc and Daltén have supposed that the 
expansions indicated by a thermometer are so very dif- 
ferent from what they ought to be, Dr Ure, and Dulong 
and Petit, have on the other hand asserted, that they are 
by no means so great as has been supposed. ‘The for- 
mer has shown, (Ph. Tr. 1818), that though there is a 
slight difference, yet it isina great measure compensated 
by the quantity of mercury in the ball always diminish- 
ing as we continue the addition of heat ; and the latter 
have found in their experiments, (An. of Phil. xiii.) that 
from —40 to 212, it is scarcely appreciable. We may 
therefore consider the thermometer as an exact indica- 
tor of temperature, or at all events, as accurate as we can 
possibly expect it. 

Different methods have been recommended for ascer- 
taining the highest or lowest temperature that may occur 
at any particular period, as during night, when there is 
no one present to observe it. The instruments used for 
this purpose are called Register thermometers. The sim- 
plest contrivance of this kind is that of Dr Rutherford 
of Kinross. It consists of two thermometers, a spirit of 
wine and a mercurial one; the former for ascertain- 
ing the lowest, and the latter the highest heat. Into the 
tube of the former is placed a small piece of white enamel, 
which, as the fluid contracts, is brought along with it, ' 
but, on its again expanding, is not taken with it, it is left 
at the place to which it was carried, and thus the lowest 
temperature that had happened is pointed out. Into the 
tube of the latter is placed a small piece of a needle, so 


as just to rest on the mercury. As the fluid expands, it 
VOL. I. B 
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pushes the needle before it, and on again contracting; it 
leaves it at that part to which it had carried it, so that 
in this way | 
the highest 
temperature 
is ascertain- 
ed. These 
thermometers Lops Bee 
are fixed on a board, with the balls at opposite sides, 
the mercurial one horizontally, the spirit of wine one 
with the ball inclined downwards, so that, when we wish 
to set them, by raising the side next the spirit ball, the 
enamel and needle will come to the surface of the fluids. 

By the thermometer alone we are enabled to ascertain 
temperature, our sensations giving us no indication what- 
ever; for a substance that feels warm to one, may feel 
cold to another, and different bodies, though of the same 
heat, may communicate very different sensations to the 
same person. ‘Thus, iron will feel much colder than. 
wood. That our sensations do not inform us of tempe- 
rature, is proved by a simple experiment. Take three 
basins, put into one warm water, into another cold water, 
and a mixture of both into the third. Place one hand in 
the cold, and another in the warm fluid, and then put 
them both into the mixture. It will feel warm to the 
one and cold to the other, because its temperature is 
above that of the one, and below that of the other. 

It must not be supposed that a thermometer is an exact 
measure of the number of degrees of heat in a body, it 
points out only the relative number. ‘Thus, a substance 
at 50 is not supposed to have only 50 degrees of heat. It 
means, that it has 50 more than one at zero, Again, 4 
body at 100 is not supposed to be twice as warm, or to 
contain twice as much heat, as another at 50, it has only 
twice as many degrees, reckoning from the commence- 
ment of the scale. If we knew the point at which there 
is absolute cold, in other words, where there is not any 
heat, and could begin the scale there, then the thermome- 
ter would indicate accurately the caloric—but of this we 
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know nothing. We must consider this instrument, then, 
as pointing out only the difference between the tempe- 
rature of bodies. 

The thermometer already described is of very limited 
application. By spirit of wine, the greatest cold may be 
measured, but owing to the low temperature at which it, 
and even mercury, pass into vapour, high degrees of heat 
cannot be ascertained; so that other methods have been 
resorted to for this purpose. 

Many are in the custom of judging of intense heat by 
the appearance of the object. Thus, we have a dull red, 
a bright red, a white, and a full white heat. Sir Isaac 
Newton used to determine the heat by the rate of cool- 
ing, assuming that bodies lose caloric in proportion to 
the excess of their temperature above that of the sur- 
rounding medium. ‘These methods, however, give very 
imperfect indications of temperature. Instruments have 
therefore been invented for measuring it, and which are 
called pyrometers, (ve, fire, and wereor,) as being measurers 
of the temperature of objects brought to a heat equal, or 
superior, to that of a fire. That long in use for this 
purpose was invented by Wedgewood. Pure clay, and 
the earthy bodies in which it predominates, have the re- 
markable property of contracting, instead of expanding, 
by heat, and as the contraction is permanent, Mr Wedge- 
wood conceived, that by measuring it, it would prove an 
indication of the heat to which the clay 
had been subjected. His pyrometer con- 
sists of two brass bars A B, fixed on a plate 
of metal, the space between them being 
smaller at one end than the other, They 
are divided into 240 degrees, corresponding 
to 31,200 of Fahrenheit’s scale, so that each 
degree of the former is equal to 130 of 
the latter, and the beginning corresponds 
with 1077. In finding the degrees of the 
thermometer équivalent to those of the py- uJ 
tometer, we must multiply by 130, and then add 1077. 
Thus 60 of Wedgewood is equal to 8877 of Fahrenheit, 
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(60 x 130 = 7800 + 1077 = 8877) : 
In reducing those of Fahrenheit to those of Wedge- 
wood, we have first to subtract 1077, and divide by 130. 
bai 9668 Fahrenheit — 66 Wedgewood. 
(9668 — 1077 = £582 = 66) 

The substance used as an catlias Gan of the heat is a 
piece of clay, made just to enter at the wide end, between 
the bars C. To ascertain the temperature of any object, 
suppose a fire, it is put into a crucible, and exposed to 
it for some time, and when cold, it is pushed on as far 
as it will go between the bars. Suppose it stops at 60, 
it shews that it has been subjected to a heat of 8877 of 
Fahrenheit. 

It was at first imagined that this 
would be of great utility in ascer- 
taining high temperatures; from 
the difficulty, however, of procur- 
ing clay of uniform contractile 
power, it is not much used; be- 
sides, it is liable to one great ob- 
jection. If the clay be exposed to 
a moderate heat for a long time, it 
will contract nearly as much as when 
heated intensely; it is necessary, 
therefore, to bring it as quickly 
‘as possible to the same tempera- 
ture as the fire. 

Another instrument now much . 
employed for measuring high tem- 
peratures, is that recommended by 
Daniells. It consists of a tube of 
black lead, A, shut at B, but open 
at C, where it is fixed to a brass 
tube ; there is a bar of platinum in 
it rivetted at B, and at C having a 
small platinum wire passing from it, B 
to the axis of the wheel D E F, and attached:to a shigil 
spring GH. 'The wheel, DEF, is connected with another, 
which has fixed to it an index, so that, when the tube is 
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theated, the platinum expands, and moves it. On the wheel 
is a scale’ containing 360 divisions, each of which is 
equal to 7 of F. so that the degree indicated by the Py- 
rometer, must be multiplied by 7, and it gives the cor- 
responding one of F. Thus, tin melts at 92 of D, which 
multiplied by 7 = 644 of F. 

There is still another method practised, for ascertain- 
ing high degrees of heat; it is that pointed out by Lavoisier 
and Laplace. Ice, in becoming water, absorbs a certain 
quantity of caloric. Now, by placing a heated body near 
it, and ascertaining how much of it is liquefied, the caloric 
given out may, it is supposed, be ascertained. Lavoisier 
and Laplace calculated that one pound during liquefac- 
tion, absorbs as much heat as would raise the tempera- 
ture of the same quantity of water 135. The instru- 
ment employed by them for measuring the ice lique- 
fied, is called a Calorimeter. It consists of three ves- 
sels, one within the other, with interstices between them. 
The inner one A is a cage for holding 
the bedy, the temperature of which is to 
be ascertained. The middle one B is for 
containing the ice to be melted, from the 
bottom of which there proceeds a tube and 
stop-cock E. The outer one C is likewise 
stuffed with ice, to prevent caloric being 
communicated from without to that in the 
centre ; D is a lid which is also filled with 
it, to act in the same way. When the ex- 
periment is to be made, the middle and outer vessels 
being filled, the water in the interstices is drawn off 
from the former through the cock E. The warm object 
is then put into the cage, and the lid, also filled with 
ice, is put on. During the cooling down to 32, it must 
give forth caloric, which liquefies part of the ice. When 
this is done, the water is drawn off and weighed, and 
according to the quantity procured, the caloric absorb- 
ed is ascertained, and the temperature of the object 
when put into the cage inferred. ‘This instrument ap- 
pears at first sight well fitted for the purpose for which it 
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is intended: it is liable, however, to objections. It is 
difficult, nay, almost impossible to procure all the water 
that is formed, so much of it remaining in the pores of the 
ice ; besides, it has been shewn by Mr Wedgewood, that 
the processes of thawing and freezing are actually going 
on at the same time in different parts of the middle ves- 
sel, some’ of the water formed in the upper part freezing 
in its passage through the ice beneath. This, he found, 
took place particularly when small objects were put into 
the inner cage. When, on the contrary, the body 
was large, little of the fluid was retained. ‘The water 
obtained, therefore, was not uniform in the different 
trials, even though the substances were of the same 
temperature. Another objection, and one which does 
away with the value of the calorimeter, is, that the 
ice melted depends not so much on the temperature 
of the hot object, as on the quantity of caloric it gives 
forth during its cooling. It will be afterwards shewn 
that bodies, though at the same temperature, contain 
very different quantities of heat, they must of course 


emit it in proportion, so that those which have most, — 
must produce the greatest liquefaction ; and hence pro- 
bably the discordance in the results of the experiments — 
made with the calorimeter, with the view of ascertaina 


ing temperature. 


Before finishing the subject of expansion, we have veh to 


notice the exceptions to this law. When pure clay, or any 
substance containing it in considerable quantity, is ex- 
posed to heat, it contracts instead of expanding. As, 
in this case, the clay does not regain its original bulk 


when it cools, it is not to be considered a real exception ;_ 


for, were it so, it ought to contract by heat, and expand 
by cold. Many bodies, in passing from fluid to solid, 
enlarge, even though they are parting with caloric, as is 
remarkably the case with water, ice occupying more space 
than the fluid from which it is formed. That it does so, 
is proved by puttin g water into a flask, marking its height, 
and plunging it into a mixture of ice and salt. In the 
course of a short time, the fluid will begin to congeal, 


id 
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and the water will rise in the neck of the vessel, owing to 
the expansion of that which has congealed. ‘That water 
expands while freezing, is also proved by ice always float- 
ing on it, shewing that bulk for bulk it is lighter than it. 

The force exerted by the enlargement of water, while freez- 
ing, is astonishing, vessels, though made of metal, being 
easily burst by it; hence the cause of the frequent burst- 
ing of pipes during winter, the water, when freezing, ex- 
panding with such force, as to tear asunder the lead 
of the pipe. This points out the necessity of laying them 
a considerable way under ground, to prevent the frost 
from reaching them. Experiments have been conducted, 
with the view of ascertaining the actual force of the expan- 
sion. In one of these performed by the Florentine Aca- 
demicians, (Ph. Tr. 1670,) a brass globe, having a ca- 
vity of an inch in diameter, was burst, by filling it with 
water, plugging up the mouth, and freezing the fluid, 
to accomplish which, it was calculated that the force exert- 
ed must have been equal to about 27,720 pounds. In an 
experiment of Major Williams, (Ed. Ph. Tr. ii.) a bomb 
filled with water was put into a cold mixture, to cause 
the fluid to freeze, and during congelation, an iron plug 
with which the aperture was stopped, upwards of two 
pounds in weight, was projected from its orifice to the 
distance of 415 feet, moving with a velocity of 20 feet 
ina second. ‘Though this property of water is a source 
of great inconvenience, yet, in the economy of nature, 
we find it serving the most useful purposes. During win- 
ter, the moisture in the earth being frozen is expanded, 
by which it separates it sufficiently to permit the exten- 
sion of the roots when vegetation begins. 

‘The exceptions mentioned are not to be considered real, 
the substances having undergone a change; the clay has 
lost moisture, or some other matter, and the water has 
passed from fluid to solid. There is one real deviation, 
however, in the case of water at a certain temperature. 
When we apply heat to it at 32, instead of expand- 
ing, according to the general law, it contracts, and 
it continues to do so till it reach about the 40th de- 
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gree, after which, still continuing the heat, it begins 
to enlarge. On the contrary, when we apply cold to 
it at 40, instead of contracting, it actually expands, 
and continues to do so till it is frozen. The change 
in volume is not great, being only about 1-10,000th 
part, but it may be shewn by having the water in a 
small tube, with a ball at one end. Thus, sup- 
‘pose we put water at 50 into a tube of this 
shape, and plunge the ball into ice; as we 
withdraw the heat, it falls in the stem, till it 
comes to 40 or thereabouts. After this, in- 
stead of continuing to sink, it begins to rise ; 
and when at 32, it is higher in the tube than 
40; it must therefore have expanded. If, as 
when it is at this temperature, we heat the 
ball, the water, instead of rising, did it follow 
the usual law, falls in the tube, so that at 40, . 
it is lower than when at 32; it must therefore 
have contracted. From this it is evident that 
water at 40 is of greater density, that is, bulk 
for bulk it weighs more, or is of greater speci- . 
fic gravity, than at 32. : sibs 
This very remarkable property of water was first no- 
ticed by the Florentine Academicians, but it was after- 
wards denied by several eminent chemists, who supposed 
it to be a deception occasioned by the irregularity in the 
enlargement and contraction of the vessel containing it. 
It has now, however, been proved by the most satisfac- 
tory experiments. Sir Charles Blagden endeavoured :to 
prove it by ascertaining the density at different tempera- 
tures, (Phil. Tr. 1792.) He weighed equal bulks of wa- 
ter at 32 and at 39, and he found the latter to be of 
greater specific gravity than the former, which it ought 
not to have been, had it followed the usual law in con- 
tracting to 32, or the point of congelation. Thus, if heat 
be applied to water at 82, it ought, provided ‘it was not 
an exception to the general law, to expand; and as the 
same bulk would contain less matter than before, ‘its spe- 
cific gravity should be diminished, _ It ought therefore, 
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at 39, to be of less specific gravity than at 32. This, 
however, according to Blagden, is not the case. He 
found that the density was greater at 39, proving, that 
by the addition of caloric, instead of expanding it must 
contract. 

This anomaly of water has been still more satisfac- 
torily proved by the experiments of Dr Hope, (Ed. Phil. 
Tr. V.) Ithas been already mentioned, that by applying 
heat to fluids, currents are induced, by which the caloric 
is conveyed through them, the warmer particles, owing 
to their expanding, becoming of less specific gravity, and 
ascending, while the colder particles fall. In his experi- 
ments, Dr Hope took a tall jar, in which two thermome- 
ters were suspended, one at the top, the other at the bot- 
tom; round the middle of it was placed a pan, into which 
either a warm or cold mixture was poured as required. 
He first filled the jar with water at 32, and put a fluid 
of temperature 68 into the pan. As the water became 
warm, the particles, instead of rising, actually fell, and 
affected the thermometer, while that at the top did not 
suffer any change. This current of heated particles down- 
wards, went on till the instrument below rose to 39.5, 
after which, that above began to be affected. In ano- 
ther experiment, he filled the jar with water at 39.5, and 
put a cold mixture into the pan. As the fluid parted 
_ with its caloric, the cooled particles, instead of descending, 
actually rose, and affected the thermometer at the top. 

Though it has thus been proved that water is a re- 
markable exception to the general law of expansion, 
during a certain range of temperature, yet the degree 
at. which this commences has not been determined. Blag- 
den, it has been said, placed it at 39, Dr Hope at 39.5, 
and Rumford, who has made experiments on the subject, 
considered it very nearly the same, (Nicholson’s Journal, 
Aug. 1805.) Mr Crichton of Glasgow has lately fixed it 
- at 42.3, (An. of Ph. N. S. v.) | His experiments were per- 
formed by putting a hollow glass ball at the bottom of a 
jar of water at 32, and applying heat, by which, as the 
density became greater, the ball began to rise, and con- 


26 CALORIC. 


tinued at the surface till it again changed, that is, tilb 
it began to expand, after which it immediately sank. By 
marking the degree of a thermometer placed in the water 
while undergoing these changes, and taking the average 
of anumber of trials, he has placed the greatest density 
at 42.3, so that, according to him, water from 32 to 42 
contracts, while from 42 to 32 it expands. 

This remarkable deviation from the general law, is 
ascribed to a new arrangement of the particles. It 
has been already said, that water expands during con- 
gelation, which, it is supposed, is owing to the particles 
assuming a particular arrangement, the spiculee of ice on 
the surface always darting out at a certain angle from the 
sides of the vessel, or from each other. ‘This, it is ima- 
gined, may begin some time before congelation occurs, 
and thus, though caloric is withdrawn, give rise to the ex- 
pansion. The important results of this deviation will be 


afterwards noticed. 
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Ir has been already said, that heat has a tendency to 
pass from one body to another, till they become of the 
same temperature. Thus, if a warm substance be placed 
near a cold one, the heat passes from the former to the 
latter, till the temperature of both is the same, which 
has been ascribed to the repulsive nature of the particles 
of caloric, which it is supposed have a tendency to recede 
from each other. It is not, however, entirely owing ta 
this, for, if it were, it ought to pass with equal celerity 
from all objects, which is by no means the case. The 
quickness with which it is given off is much influenced 
by the nature of the body, and the difference of tempera- 
ture between it and the cold medium. A substance is 
cooled more quickly in air than im vacuo, and more so 
in water than in air. It is now known that heat is trans- 
mitted in two ways. If a hot object be placed in con- 
tact with a cold one, the caloric passes slowly from the 
one to the other. When, on the contrary, it is sus- 
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pended in the air, it darts off from it quickly to the sur- 
rounding objects. Inthe former instance, it is said to 
be conducted ; in the latter, to be radiated. ‘This neces- 
sarily divides the communication into two parts,—the con- 
duction, and the radiation. 


Conduction. 


All bodies can receive heat, yet they do so with differ- 
ent degrees of celerity. If a piece of iron and of wood be 
placed near a fire, the iron will be sooner heated than the 
wood; the same is the case with their rate of cooling, 
the former parting with its caloric more quickly than the 
latter. This property of bodies to receive and give it 
out, is called their conducting power, and those which 
receive it, or part with it, quickly, are termed good con- 
ductors, while those which receive it, or part with it, 
slowly, are termed bad conductors. 'Though substances 
take in and give out heat differently, yet each receives 
and parts with it in the same degree. Thus, in the ex- 
ample of the iron and wood, the former becomes much 
sooner heated, but it is also sooner cooled than the latter. 
Those bodies, then, which receive heat quickly, also part 
with it quickly, and those which receive it slowly, part 
with it slowly. 

If a rod of iron be put into a fire, the end in the fuel 
will soon become red hot, and, the caloric will pass so 
speedily from particle to particle, that the hand cannot 
bear the heat of the opposite end. A small piece of 
wood, on the contrary, though burning at one end, may 
be taken hold of at the other with impunity. In the for- 
mer instance, the metal is said to be a good conductor, 
or to communicate the heat quickly from particle to par- 
ticle. In the latter, the wood is said to be a bad con- 
ductor, or to convey it slowly. Bodies, then, conduct 
heat very differently. In general, the denser the sub- 
stance, the better is its conducting power. Metals, the 
densest bodies with which we are acquainted, conduct 
it quickly, while wood, earthen ware, woollen cloth, and 
fur, do so very ‘slowly. 
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That bodies conduct heat differently, may be 
shewn by a very simple experiment. Put a lamp un- 
der the centre of a sheet of copper, and, at the corners 
place a piece of iron, I, tin, T, lead, L, and 1 
stone, 8, of the same size and thickness, and === 
having on each a small bit of phosphorus. === 
That on the iron will be first kindled, shew- [ZE=ISE 
ing that it is soonest heated ; in other words, that the ca- 
loric has passed most quickly through it. Next will 
come the tin, then the lead, and lastly, the stone, the 
phosphorus on which will remain a long time. 

Richman has made several experiments on the con- 
ducting power of metals. He inclosed the bulb of a 
thermometer in hollow metallic balls, and plunged them 
into boiling water till the thermometer stood at the same 
height in each. He then exposed them to the air, and 
observed the time they took to come down to a certain 
degree. The ratio in which the metals lost caloric was 
as follows: 


— 


Brass 10; Iron 1], Lead 27. 
Copper 10, Tin 1%, 


Hence he inferred, that of these brass and copper were 
the best, and lead the worst conductor. 

Ingenhouse followed a more simple method. He took 
wires, and coated them with wax of the same thickness 
to the height of eight inches. He then plunged them two 
inches deep into warm oil, and according to the length 
of wax melted, he inferred the conducting power. He 
found that silver was the best, next came gold, then tin 
and copper, which were nearly equal. Platinum, steel, 
_ iron, and lead, were inferior, lead being the worst, (Journ. 
de Phys. xxxiv.) 

The method followed by Rumford, in ascertaining 
that of materials used for clothing, was extremely simple. 
(Essays, Vol. II.) He had a hollow cylinder of glass 
with a ball at one end, in which was suspended a ther- 
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mometer surrounded by the substance to be tried. The 
cylinder was then plunged into boiling water till the ther- 
mometer arrived at a certain temperature, after which it 
was removed, and put into ice and water, and from the 
time it took in reaching that of the mixture, he inferred 
the conducting power. The time required for cooling 
the thermometer being expressed in minutes, of course 
the conducting power is inversely as the time. Air 576, 
fine lint 1032, cotton 1046, wool 1118, raw silk 1284, 
beaver’s fur 1296, eider down 1305, hare’s fur 1315. 
With wood ashes, the time required was 927, with char- 
coal 937, and with lamp black 1171. 

From the knowledge of the conducting power of bodies, 
many useful hints are derived. When we wish to keep 
a substance warm, we surround it with a bad conductor, 
or one which allows the heat to be slowly transmitted 
through it. ‘To preserve ourselves warm, we are cover- 
ed with bad conductors, as woollen cloth, fur, &c. This 
has given rise to the idea, that these actually possess 
warmth, which is not the case. hey merely prevent 
the air, which is colder than our bodies, from quickly 
taking caloric from them. In India, when ice is pro- 
cured, it is instantly put into blankets, which serve the 
same purpose as our clothing, by preventing the caloric 
from being transmitted from the warm air to the colder 
ice. | 

On the contrary, if we wish to warm a body quickly, 
a fluid for instance, we put it into a vessel which isa 
good conductor, as a metallic one. 

It has been already said, that the sensations of heat 
and cold, communicated by different bodies, are different, 
even though of the same temperature. Thus, if we put 
our hands on a piece of metal and wood, a little heated, 
the iron only will feel warm. If they be colder than the 
hand, the iron will feel cold, while the wood will com- 
municate a sensation very little different from what it 
did before. This is accounted for by the difference in 
their conducting power. In the first instance, the iron, 
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being a good conductor, gives off its heat quickly to the 
hand ; whereas, the wood, from its being a bad conduc- 
tor, parts with it slowly. In the latter instance, the iron 
takes heat from the hand, and quickly transmits it from 
particle to particle, so that, in a given time, it robs it of 
a great deal; whereas the heat given by the hand to the 
wood, owing to the inferior conducting power, remains 
long near the surface. The hand, therefore, being sud- 
denly deprived of heat by the iron, feels cold; but the 
abstraction by the wood being gradual, little or-no pee 
cular sensation is perceived. 

What has been said of the conducting power of Béiibeas 
and of the communication of heat through them, relates 
only to solids. The effect is very different with respect 
to liquids. Jn them heat is transmitted quickly or slowly, 
according to the method in which tz is applied. In solids, 
it is communicated from particle to particle, till the 
whole is warmed. When, on the contrary, we apply it 
to the bottom of a vessel, with a fluid, the particles below, 
as they acquire it, expand, become lighter, and ascend, the 
colder ones fall, gain caloric, and rise, so that the fluid 
is not warmed by the heat being communicated from par- 
ticle to particle, as with solids, but by its being conveyed 
through it by the currents.. We would imagine, from the 
ease with which fluids are warmed in this way, that they 
are good conductors; they are, however, quite the reverse, 
as has been proved by the experiments of Count Rumford. 
Rumford was first led to suppose that fluids are bad con- 
ductors, from finding that decoctions of vegetables, as 
stewed apples, which contain a large quantity of water, 
retain their heat for a long time. His experiments were 
performed under a variety of cirumstances. In some 
he gave full play tothe currents, while in others they 
were interrupted by placing. substances, as eider down, 
in the fluid. If, for instance, a piece of ice, loaded, 
be placed at the bottom of a jar, and over this be 
poured cold water, to the depth of about an inch, and 
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again, above this, boiling water, put in very cautious- 
ly, to prevent it mixing with that beneath, the ice 
will continue for a long time unmelted, proving the 
very bad conducting power of the cold fluid. In 
this experiment, there are no currents to convey the 
caloric to the ice. The bad conducting power of 
fluids he proved in another way, and perhaps still more 
satisfactorily, by putting 
at the bottom of a tube a 
piece of ice loaded, A, 
pouring in cold water, B, 
and applying a lamp, C, 
to about the middle of it, 
to cause it to boil, In 
this instance, the ice will remain for a long time, though 
the water, at the distance of a few inches, is kept boil- 
ing ; and here also the currents do not operate, so as to 
affect the ice; for though the heat is applied to the 
middle, the particles, as they are warmed, ascend, while 
the others fall, but only as far as the flame, where they 
are to gain heat, and rise. 

If, on the contrary, a piece of ice be put on the surface 
of warm water, it is almost instantly melted, because it is 
constantly washed by warm particles, those at the top, as 
they give out heat, contracting and falling while the 
warmer ones rise to occupy their place. 

Rumford pointed out another very curious fact with 
regard to the conducting power of fluids. He found 
that when water at 40 was placed between the ice and the 
warm liquid, the liquefaction went on more slowly than 
when water at 32 was used. This is accounted for by the 
anomaly already explained, (page 24,) that it is specifi- 
cally heavier at 40 than at 82. When, therefore, water 
at 40 is poured over the ice, the particles, as they receive 
heat from the fluid above, ascend: Whereas, when it is 
at 32, as it contracts by the acquisition of caloric, it falls, 
comes in contact with the ice, and melts it; and this 
current of the heated particles downwards, goes on till 
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the whole of the cold water is brought up to 40, after 
which the warm particles begin to rise. 

These different experiments led Rumford at first to 
conclude, that though fluids can receive calorie from 
other bodies, yet they cannot communicate it from par- 
ticle to particle; an opinion, however, which he was 
afterwards induced to relinquish. When a fluid was 
warmed by the application of heat to the top, he suppos- 
ed that the caloric was conveyed entirely along the sides 
of the vessel; but that this is not the case, has been dis- 
proved by numerous experiments, more particularly by 
one of Dr Murray, (Nicholson’s Journ. Vol. I.) He 
took a vessel of ice which never could have its tem- 
perature above 32, and filled it with different fluids, a 
delicate thermometer being suspended at the bottom. 
By applying a heated body to the surface, the thermo- 
meter was observed to rise. In this instance, then, the 
heat must have been conveyed, not by the vessel, but by 
the fluid, having tae transmitted from particle to par- 
ticle. 

It is difficult.to ascertain the conducting power of 
fluids, as it is not easy to find what is due to conduction, 
or to the transportation by means of the currents, and 
no very satisfactory experiments have been made on the 
subject. 

Rumford held the same opinion with respect to aerial fluids, 
that he did with regard to liquids. His experiments have 
proved their bad conducting power,:and that the commu- 
nication of heat through them depends almost solely on 
the currents, which being impeded, the communication 
is retarded. 3 

That heat is conveyed through air in the same way as 
through fluids, is proved by an experiment already 
mentioned. let a person hold a red hot poker hori- 
zontally, and let another place his hands,’ one above, 
another below it, the former will be much: more heated 
than the latter, because the particles of air in con- 
tact with the poker, by acquiring caloric, expand, and 
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rise. On the contrary, if a piece of ice be held in the 
place of the poker, the hand beneath is most cooled, be- 
cause the particles that touch the ice, by losing heat, 
contract and fall, and therefore reach the hand below. 
It is owing to the currents induced in air, by an appli- 
cation of heat, that the popular but erroneous idea has 
originated, that caloric has a tendency to ascend. It 
does not rise of itself; it is carried up by the warm air. 

From what has now been said of the conducting power 
of fluids and air, and of the mode by which heat is trans- 
mitted through them, many useful practical lessons may 
be derived, particularly with respect to the economy of 
fuel. Thus, when we wish to warm a fluid, it must be 
heated from below, otherwise it will be very slowly 
warmed ; for, if the heat be applied from above, the sur- 
face only receives caloric, the warm particles remaining 
at the top. In throwing heated air into a room, with 
the view of warming it, the pipes ought to open as near 
the floor as possible, to allow the air to rise, and thus 
communicate caloric to the whole of that in the apart- 
ment. In heating fluids by steam, the mouth of the pipe 
from which it issues, ought always to be near the bot- 
tom of the vessel, that the particles below, as they acquire 
heat by the condensation of the vapour, may expand and 
rise, and allow those above to fall, in their turn, to gain 
heat, by which the whole of the fluid may be quickly 
warmed. Were the pipe to terminate near the top, the 
particles there would soon become so warm, that they 
would cease to condense the steam; in fact, the fluid 
above would be actually boiling, while that at the bottom 
would be quite cold. 

The currents in Jluids and airs serve amportant pur- 
poses in the economy of nature. Thus, though ice is form- 
ed in small collections of water, the adjacent lakes may 
not be frozen; and there are many accounts of lakes 
never freezing, which has been ascribed to their having 
warm springs in them. It is to be accounted for, how- 
ever, by the currents induced by a change of tempera- 


ture. Suppose a lake at 50, and cold is applied to the 
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surface, the cooled particles descend, and the warmer 
rise, by which the whole of the water must be brought to 
a certain temperature ; but our common frosts do not con- 
tinue long enough to do this, consequently, large lakes 
do not freeze. On the contrary, in pools, though the 
cold applied to the surface is the same, the fluid is soon 
cooled to the proper pitch, and ice is formed. 

The whole of the water, it has been said, must be cool- 
ed to a certain temperature ; it is not necessary, however, 
that it must be all brought down to the freezing point. 
Owing to water, at a certain degree, being an exception 
to the general law of expansion, when that ina lake is 
cooled to 40, by the farther abstraction of heat, the par- 
ticles on the surface do not contract ; they expand, and, 
remain above, so that they are brought to the 82d de- 
gree, and freeze, while the water below is still at 40, and 
continues nearly so; for the ice being a bad conductor, 
the heat is slowly abstracted through it. Large lakes, 
then, not only seldom freeze, but if they should, ice 1s 
formed only on the surface. Had not Nature deviated 
in a remarkable degree from the general law of expan- 
sion, at the temperature mentioned, the whole would be 
frozen when properly cooled, and thus prove destructive 
to the life of its inhabitants. | ) 

The preceding remarks apply to lakes, or large rivers 
only. In small rivers the whole of the water is general- 
ly of the same temperature, for though that at the top, 
when cooled to 32, is of less specific gravity than the 
rest, it does not remain on the surface. Owing to the 
agitation of the water, and to wind, particularly when 
blowing in a direction opposite to the current, it is mixed 
with that beneath. Hence it is, that we have often ice 
formed first at the bottom, the pebbles and other objects 
there, affording nuclei, on which it is deposited when 
the temperature of the whole is brought to 32. 

It has been mentioned that these movements take place 
in gaseous fluids. There is, however, one apparent excep- 
tion to this in the air of the atmosphere, which, as we — 
ascend, becomes colder, till we at last arrive at perpetual — 
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frost. ‘This, however, is easily accounted for. The air 
below, as it receives heat from the earth, is expanded, 
and becoming specifically lighter ascénds, but it rises 
only to that height where it meets with air of the same 
rarity with itself, occasioned by the diminished pressure, 
to which in the higher regions it is subject; so that the 
upper particles, being always free from much pressure, 
remain above, and though the sun’s rays pass through 
them, yet they do not communicate any warmth to them. 
In confined portions of air, on the contrary, the warmest 
part is always above, but in this case, that at the bot- 
tom and at the top sustain very nearly the same pressure ; 
se that this does not interfere in the movements of the 
particles. 

The distribution of heat over the globe is in a great 
measure regulated by the currents in fluids, and in the 
atmosphere. Thus, the earth being warmed by the sun’s 
rays, imparts caloric to the air immediately over it, the 
particles of which ascend, and cold ones supply their place, 
so that, though it is constantly receiving heat, yet it is 
also constantly parting with it. As that part of the 
globe at the Equator is warmest, the air over it is much 
heated, and rises, so that there is a continual cold cur- 
rent from the North and South Poles towards it, and cor- 
responding warm ones from the equator to the poles, by 
which the intense heat of the former, and severe cold of 
the latter, are moderated. 

The currents in fluids serve the same useful purposes. 
When a cold wind passes over the surface of water warm- 
er than itself, it receives heat from the particles above, 
which, as they become cold, descend, and have their 
place supplied by others, also to give off heat. By this 
means there is a constant supply of warmth to the air, 
and the cold is diminished. Hence the comparative 
mildness of islands surrounded by a great extent of 
ocean, as is the case with Great Britain, the temperature 
of which is far above that of inland countries in the same 
latitude; the wind which reaches the former receiving 
heat from the water, whereas that coming to the latter, 

cQ 


36. CALORIC. 


flowing over the earth, which is a bad conductor, receives 
little from it. Thus, in many parts of the Russian do- 
minions, in the same latitude as that of Britain, mercury 
is often frozen during winter, so that the thermometer 
must be at least —40, whereas here it is rarely so far 
down as 10, almost never to 0. 


Radiation. 


When a warm object is suspended in the atmosphere, 
the caloric fies off from it to the swrrounding colder bodies 
with great velocity. Ifa person place his hand before a 
hot substance, with a screen between them, he is not 
warmed, but the moment the screen is removed, he is. 
sensible of the heat. This shews the quickness with 
which it passes through the air; and from its flying in 
all directions, it is said to be radiated. The rays that 
thus dart from warm bodies, may be reflected and con- 
centrated into a focus. Thus, if a person stand at the 
side of a fire-place, he is not warmed; but if a polished 
plate of metal be held opposite it, the rays passing from 
the fire, and striking the plate, are reflected, and if 
properly directed, will reach the person, and warm him. 

The first mention that is made of radiation of caloric, 
is by Mariotte in 1682 (Mem. of Acad. of Science,) 
and it was soon afterwards noticed by Lambert (Voyage 
dans les Alpes par Saussure.) They shewed.that caloric 
passes through the air from a burning body, and warms 
the objects on which it strikes. Scheele (Treatise on Air 
and Fire,) repeated the experiments of former chemists, 
and pointed out many new facts concerning it. Heshewed 
that the heat thus given off, passes through the air without | 
warming it, and that wind has no effect in changing its 
direction. He also observed that the rays were reflected 
by some bodies, yet absorbed by others. Saussure and 
Pictet (Essais de Physique —) confirmed the experiments 
of Scheele, and Herschell, Leslie, and Rumford, have | 
greatly extended our knowledge on this important subject, 
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(Leslie’s Inquiry into the Nature of Heat.—Rumford’s 
Essays.—Herschell, Phil. Tr. 1800.) 

To illustrate the different facts concerning radiation, 
polished metallic concave mirrors are employed, some of 
which are sections of an oval, others of a circle, or an 
ellipse. If they be placed opposite to each other, at 
the distance of several feet, a cage of ignited charcoal 
near one will instantly affect a thermometer in the focus 
of the other. There is no necessity, however, for having 
recourse to so delicate an indication of the heating effect; 
for if a piece of phosphorus be held in the focus, it is in- 
stantly kindled. 

In these experiments, there must be something emanat- 
ing from the charcoal, which is reflected by the mirrors, 
and concentrated also in a focus, so as to set fire to phos- 
phorus. When, then, the charcoal, A, is placed near the 
mirror, rays of heat fly off from it in straight lines, A B, 
AC, AD, A E, to the mirror, by which they are in- 
stantly reflected again in straight lines, B F, C G, D H, 


K I, to the opposite one, where they are also reflected at 
FK, GK, HK, IK. They are thus brought to a 
point at K, where the heating effect is produced. The 
distance at which this takes place, depends of course on 
the form of the mirror. If, instead of burning charcoal, 
we make use of ared hot iron ball, the same is produced, 
though the effect is not so great, the temperature of it 
being less than that of the other. 

In these experiments, the effect on the thermometer 
differs according to the distance of the mirrors from each 
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other. By the law laid down, it decreases as the squares 
of the distance, that is, if at 2 feet it be 4, at 4 feet it is 
only 1. 

Some objects have the power of absorbing, others of 
allowing the rays to pass through them. Thus, if a pane 
of glass be placed between the mirrors, the heating effect 
is not produced, because it retains the rays. It is owing 
to this that we can look through glass at a strong fire, 
or furnace, without hurting the eye, the rays thrown off 
being prevented from reaching it. Other bodies, on the 
contrary, reflect the rays. Thus, if we cause them to 
strike on a polished one, it is little heated. If a differ- 
ential thermometer, with its ball gilded, be put into the 
focus of one mirror, the cage of charcoal into the other, 
there is very little effect on it, the rays that strike it 
being instantly reflected. On the contrary, if the other 
ball be blackened, and placed in the focus, the change is 
much greater, the blackened surface absorbing: the rays. 
Some surfaces therefore absorb, while others reflect the 
radiations of heat. 

The above remarks apply to burning and incandescent 
bodies. ‘The same, however, is the case with substances 
not incandescent ; these also, if their temperature be above 
that of the atmosphere, are constantly giving forth heat ; 
and that they do so is proved, by placing any warm ob- 
ject, as a flask of boiling water, near the mirror; the 
thermometer in the focus of the other is instantly affect- 
ed, thus proving, that all objects, the temperature of 
which is above that of the contiguous ones, are constant- 
ly sending off radiations of caloric, and which, it is gene- 
rally allowed, is the material agent in its pure disengaged 
state, subject to the laws of reflection and concentration 
like other radiated matter. 

Having made these preliminary observations, we have 
now to state more particularly the different facts concern- 
ing radiation. . The power of radiating is proportional to 
the difference between the temperature of the hot body, 
and the surrounding medium, and also to the extent of 
surface. 
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The most remarkable circumstance, however, is the ef- 
fect of the nature of the surface. It has been ascertain- 
ed, by numerous experiments, that the more resplendent 
the surface, the less is the radiation; and on the con- 
trary, the darker and rougher it is, the radiating power 
becomes the greater. The effect of surface is well il- 
lustrated, by putting different flasks near the mirror. If 
a resplendent one be filled with boiling water, and 
put near it, the thermometer is very little affected ; 
but if the same flask have its surface smoked, the 
effect becomes much greater. The power of radiating 
has been well illustrated by the experiments of Leslie. 
He took a cannister of tinned iron, covered one side with 
smoke, a second with paper, a third with glass, and left 
the fourth resplendent. It was filled with boiling water, 
and placed with its different sides towards the mirror. 
Considering the effect of the black side on the thermome- 
ter as 100, that of the paper was 96, of bi glass 90, and 
of the resplendent metallic one only 12; so that black- 
ened objects produce about 8 times as Aarau effect as 
resplendent ones. 

It has been already remarked, that bodies receive the 
rays very differently. The experiments with the differ- 
ential thermometer already mentioned, shew that black- 
ened bodies receive them very quickly, while resplendent 
ones scarcely receive them at all; in other words, they 
reflect them. Those bodies, then, which are good ra- 
diators, are good absorbers; while those which radiate 
little, absorb little. Good radiators, therefore, are bad 
reflectors, and bad radiators are good reflectors. 

From the fact that some bodies absorb while others 
reflect the rays of caloric, Leslie has contrived his T'her- 
moscope, which is merely his differential thermometer with 
one ball made of black glass, the other gilded. The 
rays of caloric striking the balls, affect them differently ; 
they are reflected by the gilded ball, and absorbed by 
the black, consequently the air in it will be expanded, 
and the fluid in the stem attached to it will fall. The 
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depth to which it sinks denotes the heating power of :the 
rays. | 

Leslie has shown, that during the reflection and con- 
centration of the rays of caloric, the greatest heat is 
produced, not in the focus, but nearer the mirror. A 
thermometer was raised one-third more when placed 
half an inch nearer the mirror, than when in the focus 
itself. On the contrary, when put beyond it, the effect 
was greatly diminished. 

Screens of various materials have different powers 
of stopping the radiations. A screen of tin-foil, or even 
of gold leaf, which is 600 times thinner, completely 
intercepts them. A pane of glass, or a sheet of paper, 
apparently intercepts them only partially. It is said 
apparently, for at first sight it would appear that they 
did pass through; but Mr Leslie denies this, for if it 
were so, the effect ought to be the same at whatever dis- 
tance the screen is placed from the hot body. This is, 
however, not the case; the nearer the glass is to the 
radiating surface, the greater is the rise of temperature 
indicated by the. thermometer. The glass, he therefore 
supposes, first receives heat, and then itself begins to ra- 
diate; and that this is the case seems to be proved by the 
following experiment. He took two plates of glass, and 
coated each on one side with tin-foil: when they were 
put together by their glass sides, so as to expose the 
metallic surfaces, one to the radiating body, the other 
to the thermometer, the rays were entirely stopped. 
When the metallic sides were in contact, the ther- 
mometer was affected. In these experiments, then, the 
same substances were used as screens. In the first, how- 
ever, surfaces were exposed, which receive and give out 
heat slowly, of course the rays coming from the hot body 
were almost all reflected. Those absorbed were but 
slowly emitted by the metallic leaf, which is a bad 
radiator. In the other instance, when the glass sides 
were exposed, it received the rays from the hot body, 
much more quickly than the tinfoil, and again, it also 
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gave them off more quickly, by which the thermometer 
in this instance was most affected. 

The experiments of Delaroche (An. of Ph. ii.) are at.va- 
riance with the conclusions of Leslie. According to 
him, radiant heat passes directly through glass, and the 
more the temperature of the object is elevated, the more 
easy is the transmission. ‘Thus, by placing screens be- 
tween the warm body and the thermometer, and by 
having these replaced by others, when their temperature 
was likely to be affected by absorption, he found that the 
thermometer rose, proving that the effect on it was not by 
radiation from the glass. 

The preceding remarks apply to the emanation from 
bodies, the temperature of which is above that of the sur- 
rounding atmosphere. A question now occurs; does it 
cease to radiate when its temperature is the same as that 
of the medium? According to some it does. Prevost, 
however, supposes that it does not. He alleges that 
objects, though allof the same temperature, are continually 
giving out and receiving calorific emanations. Hence, ifa 
substance give forth more than it receives, its temperature 
must fall. 

From what has now been said, we see that heat is com- 
municated in two different ways,—the one by slow 
communication from particle to particle,—the other by its 
darting through the air from the surface of one object 
to another. When, then, a hot body is placed in air 
colder than itself, both of these modes operate; but 
they do so very differently,—one losing most by con- 
duction, another by radiation. Even the same sub- 
stance, at different times, parts with its heat differently, 
according to circumstances. In general, that given out 
by the one method, is inversely to that lost by the other, — 
that is, when much is lost by conduction, there is little 
emitted by radiation; or, if much is given forth by ra- 
diation, there is little loss by conduction. Thus good 
conductors, for instance metals, are bad _ radiators. 
Spongy bodies conduct heat slowly, but they radiate 
powerfully. 
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The cooling and heating process is also much influenced 
by external circumstances; these refer both to the bodies 
themselves, and to the medium in which they are placed. 
To the former belong temperature, size, figure, surface, 
and the peculiar nature of the object. It is a general 
law, that the greater the difference of temperature be- 
tween the hot body and cooling substance, the more 
quickly it loses caloric. Sir. Isaac Newton laid it down 
as a general law, that as the times proceed in an arithme- 
tical, the caloric lost is in a geometric progression. Thus, 
if in the Ist minute, the loss is 3°, in the 2d it is 9°, in 
the 3d 27°. Martine, on the other hand, (Essay on Heat) 
asserts, that as the temperature of the substance ap- 
proaches that of the medium, the caloric given off is as 
the times ; the body loses just as much in the first minute 
as it does in the second, and so on till the equili- 
brium is established. Leslie and Rumford have shown 
that the caloric given off is always the same, at what- 
ever temperature the cooling is going on, provided the 
difference between it and the medium is the same. 

The magnitude of bodies also affects their cool- 
ing. Thus, if we have two masses of the same mat- 
ter, but of different sizes, the heat given out -isnot 
in proportion to the quantity of matter, but to the sur- 
face. Suppose we have an inch cube and two inches 
cube of the same substance, and at the same tempera- - 
ture, the latter contains eight times as much matter 
as the former, but it does not lose eight times as 
much heat,—it gives out only four times as much, be- 
cause it presents quadruple the surface. It follows 
from this, that the figure must also affect the cooling, as 
it varies the extent of surface. If we have two objects 
of the same nature, that which exposes most surface, cools 
most quickly. A sphere, therefore, which presents least, 
cools more slowly than any other. 

The effect of the nature of the surface in ‘aslo 
cooling, has been already explained when detailing the 
laws of radiation. ‘The darker and rougher, the more 
powerfully does it radiate; it must therefore cause an 
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object to cool more quickly. On the contrary, the more 
resplendent the surface, the less does it radiate; it 
must therefore make a body cool the more slowly. 

The nature of the object itself also affects the cool- 
ing, more particularly with respect to its conducting 
power. A good conductor, as a metal, cools much more 
quickly than a bad conductor, as wood ; because the heat 
which is carried off from the former, is soon supplied 
from the internal parts; whereas, in the latter, it passes 
slowly from within to the surface. 

The cooling process differs, also, according to the na- 
ture of the substance by which the warm object is sur- 
rounded. The more heat it can receive, the more quickly 
is the other cooled. A substance, also, which is a good 
conductor, cools a body much more speedily than one 
which is a bad conductor, because the heat given off from 
the latter is quickly communicated from particle to parti- 
cle, so that, in a given time, it loses a great deal. ‘Thus, 
a hot iron cools more quickly in water than in air, 
and much sooner in quicksilver than in water,—water 
being a better conductor than air, and quicksilver better 
than water. 

Air, it has been said, is a bad conductor, and cools a 
body slowly. If, however, by any means the particles 
which are heated be removed, and others made to sup- 
ply their place, the cooling goes on more quickly. 
Hence the effect of wind in accelerating it ; a substance 
being much sooner cooled during a breeze than when the 
air is calm, as is well exemplified in our own persons, a 
windy day always feeling colder than a calm one, though 
of the same temperature, because the wind carries off the 
warmer particles of air, and supplies others, which also 
deprive us of heat; whereas, in a calm atmosphere, the 
air that has taken heat from us is retained ina great 
measure among our clothes. Hence it is, also, that 
when carried quickly through the atmosphere, we feel so 
cold, as when driving in a gig, the air with which we are 
constantly brought into contact depriving us of heat, 
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while we have no exercise as a means of supplying the 
loss. Leslie has found that a flask of water cools four 
times as fast ina moderate steady breeze, as in a calm 
atmosphere, six times as fast when the breeze is strong, 
and fifteen times as quick in a hurricane. 

From what has now been said, it is evident that the 
caloric lost by conduction and radiation, must be materi- 
ally affected by different circumstances. A body, which 
at one time loses most by the former, may therefore, at 
another, give off most by the latter. Thus, a substance 
which, from the nature of its surface, parts with most 
caloric by radiation when placed in air, loses the whole by 
conduction when surrounded by a fluid. On the other 
hand, a body which radiates well gives off most of its 
heat in this way when suspended in a calm atmosphere, 
but when exposed to wind, it may lose most by the other, 
the wind not in the smallest degree affecting the radia- 
tion, but by carrying off the particles of heated air, and 
supplying others, accelerating the loss by conduction. 
Even though the air remains calm, the heat given out in 
these ways, may vary according to the difference of tem- 
perature between that of the body and the surrounding 
medium. Thus, if the temperature be little above that 
of the medium, few currents of air will be induced, and 
little caloric will pass off by conduction; whereas, when 
the difference is great, the currents will be more rapid, 
so that a great deal may be lost in this manner; the hot 
object being constantly exposed to a stream of cold air. 

What has been said of the cooling, applies equally to 
the heating of bodies, for those which give out much 
heat by radiation, so as to cool quickly, receive it easily, 
so that they are soon heated ; while those which radiate 
little, receive few rays, and are slowly warmed. On the 
other hand, those which cool quickly by giving out 
caloric by conduction, take it in quickly in the same way, 
and are soon heated; while those which conduct slowly 
receive little by conduction. 

From the facts now stated concerning the commu- 
nication of heat, and of the circumstances that influ- 
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ence the heating and cooling of bodies, many useful 
practical observations may be drawn. Water continues 
much longer warm in a resplendent than in. a_black- 
ened vessel. Hence metallic ones, with their surfaces 
polished, are often employed for holding warm water, 
when we wish it to retain its heat for some time. It is 
a common remark, that tea is more easily infused in a 
silyer than in an earthen tea-pot, which was at one time 
supposed to be owing to some property of the metal itself, 
but which is now accounted for by the laws of radiation, 
the bright metallic surface giving forth fewer rays than 
the other, and of course, cooling the water ‘hems slowly. 
A metal is, however, a good conductor ; it is of advan- 
tage, therefore, to have not only a bad radiator, but also 
a bad conductor, that the heat given off from the surface 
by radiation may be slowly supplied from the interior. 
Hence the frequent use of earthen ware covered with me- 
tallic matter, for holding warm fluids, as for jugs and 
tea-pots, the earthen ware being a bad conductor, and, 
by having its surface resplendent, becoming also a bad 
radiator, by which little heat is evolved. 

When, on the contrary, we wish to cool a fluid quick- 
ly, it must be put into a vessel which is a good conductor, 
as a metallic one, and with its surface blackened, to make 
it a good radiator. In conveying heated air, or steam, 
from one place to another, with the view of heating apart- 
ments, the tube ought to be made of bright metal, as 
tinned iron, that there may be little heat lost before the 
air reaches the place to be warmed. When, on the con- 
trary, the steam is to be condensed, the tubes ought to be 
made of blackened metal, as sheet iron, so that a great 
deal of caloric may be given off, both by radiation and 
by conduction. | 

When we have to guard a body from heat, we cannot 
employ a better protector, than a plate of bright metal. 
Thus, in erecting a stove near wood-work, the latter 
ought to have a sheet of tinned iron placed near it, but 
not in contact with it, by which the greater part of the 
rays sent off from the stove are reflected. Should the 
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metal itself become warm, the layer of air between it and- 
the wood, being a very bad conductor, prevents in a great 
measure the transmission of the heat. Should stone be 
employed as the protector, it must be whitened, so that it 
may absorb as few of the rays as possible. 

Before finishing this subject, we may here take notice 
of some beautiful provisions of nature, for preventing too 
great heat or cold over the earth. | 

It has been shewn, that when a warm object is placed 
in air, it is constantly giving forth radiations. Could 
we suppose, then, an object to be sending off rays, 
without receiving any to compensate for the loss, it 
would become cold. And this is actually the case with 
the earth during night. The principal source of the 
earth’s heat is the sun’s rays, which, passing through 
the air without warming it, arrive at the earth, and are 
absorbed. During night this gives forth radiations, which 
fly up into the atmosphere; and, as it does not receive 
any in return, its temperature falls. By this fact, many 
curious occurrences of nature can be satisfactorily ac- 
counted for. It will be afterwards illustrated, that 
during the conversion of a vapour to fluid or solid, heat 
is disengaged. Dr Wilson of Glasgow, pointed out 
what was then thought a remarkable exception to this 
general law, in the deposition of hoar-frost and dew, 
which are merely the condensed watery vapour of the 
atmosphere. 

It was observed in Glasgow, that a thermometer hung 
in the air was at —7, while one placed on the ground 
was so low as —23. This, however, was the case only 
when the air was calm, and the sky clear; when a cloud 
was passing, the temperature of the instrument on the 
ground instantly rose, but again sank when the sky was 
unobscured. ‘The same occurred with rough bodies, as 
“ grass, and leaves of plants, the thermometer, when 
placed on them, indicating a much lower temperature 
than one hung in the air. When, however, the former 
was placed on a polished object, as a plate of metal, 
there was no difference, the temperature of both being 
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the same. It was found also, that though the thermo- 
meter on the ground was acquiring hoar-frost on its bulb, 
its temperature was considerably lower than that of the 
other, and on which there was no hoar-frost. Now this 
is the reverse of what should have happened; the wa- 
tery vapour, during its conversion into hoar-frost, ought 
to have raised the thermometer ; it appeared, therefore, 
to be a deviation from the general law. It has now, 
however, been proved by most satisfactory experiments, 
that this is not the case. By Dr Wilson, the cold was 
considered the consequence of the deposition. Dr Wells 
has, however, shewn that it precedes, and is therefore 
the cause of it. (Wells on Dew.) During a calm and 
clear night, a thermometer on the ground will be 12 
degrees lower than one hung in the air, and which is oc- 
casioned by the earth radiating caloric, which passes off 
into the heavens ; as there is nothing to return heat, its 
temperature, and consequently that of the instrument on 
it, sinks. But if the sky be cloudy, or if a screen be 
placed over the thermometer, the cooling effect does not 
go on; because, though the earth is radiating as before, 
it receives rays from the clouds or screen, to compensate 
for the loss. When, then, the air is calm, and the heavens 
unobscured, cold is produced, and hoar-frost, or dew, 
is deposited, the earth cooling the air in contact with it, 
and thus depriving it of the power of holding the watery 
vapour in solution; the cold, therefore, invariably pre- 
cedes, and is not, as was originally supposed, the con- 
sequence of the deposition. 

Those bodies that radiate most powerfully, as grass, 
twigs, cotton, and woollen cloth, become coldest, and on 
them hoar-frost is deposited ; while on resplendent sur- 
faces, as there is little radiation, there is scarcely any 
deposition. Dr Wells has also shewn that the same ob- 
jects, when of different colours, produce different effects 
on a aaguemeter placed on them. Thus, a piece of 
black cloth caused the temperature to fall much more 
than one of a light colour, the former giving forth most — 
radiations. It is on this principle that we can explain, 
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why two thermometers, having different surfaces, will 
indicate different degrees of cold during night. If the 
one be resplendent, as when filled with mercury, it gives 
forth few radiations, so that its temperature is little 
reduced ; but if the other be blackened, owing to’ its 
becoming a good radiator, it loses more heat than the 
other, and, as neither is receiving any, its temperature 
ismore reduced. For the same reason, also, a differential 
thermometer, with a transparent and black ball, indicates 
cold in the stem of the latter, when exposed during a 
clear night, by the black one giving forth more caloric 
than the other. 

The radiation of caloric during night, serves impor- 
tant purposes in the economy of nature. Were it not 
for the rays given forth from the earth, after sun-set, it 
would be heated to an intolerable pitch, by the constant 


absorption; whereas, by radiating at night, heat is abs- 


tracted, and the temperature is thus kept nearly uniform. 
In the vegetable creation, it is also of the utmost advan- 


tage. During dry weather, vegetation would cease from _ 
the want of water, but vegetables, from the nature of © 


their surface, are well adapted for radiating heat; hence, 
ina clear and calm night, owing to the cold produced 
by the radiation, the moisture in the atmosphere is con- 
densed, and deposited in the form of dew or hoar-frost, 
which not only supplies them with water, but also, by the 
disengagement of caloric during its formation, prevents 
the bad effects that would otherwise be occasioned by the 
radiation, so that the cold is the means of supplying them 


with water, and the formation of the water replaces the 


heat that was given out to produce it. 

It.is well known, that a very thin covering of snow on 
the ground, prevents in a great measure the bad effects 
of intense frost on vegetation, and it is commonly ascrib- 
ed to its acting 
is slowly deprived of its heat.’ This is not, however, the 
sole cause ; indeed, with a thin layer this must operate to 
a very slight extent. It’ is to be explained on the prin- 
ciple, already illustrated, of its giving forth few emana- 


ng as a bad conductor, by which the earth’ 
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tions, the snow being a bad radiator, losing little heat in 
this way. 

The preceding remarks with regard to radiation, ap- 
ply to the emanation from warm objects. Pictet, when 
performing experiments on this subject, discovered a 
very curious fact with respect to cold bodies. These, he 
found, when placed near the mirror, produced an oppo- 
site effect on a thermometer, and the reduction of tem- 
perature was in the ratio of that of the cold substance. 
This has been called radiation of cold, being at one time 
supposed that frigorific particles were actually given off 
to affect the thermometer. It is to be considered, how- 
ever, merely as a case of radiation of heat, the thermo- 
meter now being the radiating body, and as it receives 
little or no caloric in return, its temperature sinks. 

The effect of a cold body, in reducing the temperature 
of a thermometer, is shewn by placing a flask of ice at A, 
the ball of a differential being in the focus at K, (see cut, 
page 37.) In this case the fluid instantly begins to rise. 
If muriatic acid be poured into the flask, a greater degree 
of cold is produced, and the thermometer again begins to 
ascend. 

We are indebted to Leslie, (Inquiry into the nature 
of Heat,) and Count Rumford, (Essays,) for our know- 
ledge of the different facts concerning the effects of cold 
bodies. According to them, the radiations are regulated 
by the same laws as when warm objects are used, with 
regard to distance, difference of temperature between 
the cold substance and circumambient medium, and sur- 
face. Leslie found, that when the cubical jar used for 
the radiation of caloric was filled with ice, the cooling 
effect was least from the metallic side, greater from the 
glass, but much more so by the blackened one. This 
is also easily shewn by smoking the flask containing the 
mixture of ice and acid. The moment it is put near the 
mirror, the thermometer will be found to indicate a 
much. greater degree of cold than before. The same 
was also the case with the reflecting surface ; a bright 


metallic one reflecting most, while a glass or blackened 
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cone reflected very little. Thus, if the gilded ball of @ 
differential be put in the focus, the reduction of tempe- 
rature is slight, whereas, when the blackened one is 
used, it is much greater, consequently, the radiating 
and reflecting powers are inversely to each other; those 
which are good radiators are bad reflectors, and bad ra- 
diators are good reflectors. The effect of screens be- 
tween the thermometer and the cold body, is also pre- 
cisely the same as with warm objects. All of these facts. 
still farther prove, that we are to consider this as merely 
radiation of heat. 

Leslie has shewn that the heating and. codtixig effect 
is the same, provided the bodies be at temperatures equi- 
distant from that of the surrounding medium. Having 
filled a-vessel with water at 140, when the atmosphere 
was 70, he placed a thermometer near it, by which it rose 
10. He afterwards filled the same vessel with a mixture 
at 0, and the instrument sank 10. Rumford proved the 
same fact in another way. He filled two similar vessels, 
one with warm, the other with cold water, each at a tem- 
perature equidistant from that of the atmosphere, and on 
placing a thermometer in the centre between them, it was 
not in the slightest degree affected. 

The radiation of cold, as it is commonly called, is 
most easily explained on the principle laid down by Pre- 
vost, that all objects, even though of the same tempera- 
ture, are constantly radiating caloric, and consequently, 
when one sends forth more than it receives, its tempera- 
ture sinks. When, then, the flask of snow is placed near 
one of the mirrors, both it and the thermometer in the 
focus of the other are throwing off radiations, but as the 
latter emits more than it acquires from the former, it in- 
dicates cold. On reducing still farther the temperature 

e ice, it of course gives off fewer rays, so that the 
instrument now indicates a still greater cold; and the 
same also is occasioned by smoking the surface of the 
flask, by which, though it makes it a better radiator, it 
at the same time causes it to become a more powerful re- 
cipient of the calorific emanations ; and as the rays are 
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in greater quantity from the thermometer than from 
the flask, we can easily conceive why, by increasing the 
absorbing power of the latter, the temperature of the 
former should be more and more reduced. 


RELATIVE Quantity oF Catoric 1n Boptks. 


It has been already mentioned, that caloric has a ten- 
dency to pass from one body to another, till all become of 
the same temperature ; we are not, however, to infer from 
this, that they contain the same quantity. Thus, if we 
take 10 pounds of water, and divide.it into two parts, one 
containing 9, the other 1 pound, on applying a thermo- 
meter, they will be found of the same temperature ; it is 
evident, however, that the caloric in them must be diffe- 
rent; the one must have just nine times as much as the 
other. Different quantities of the same matter, then, have 
different quantities ef caloric. The same, we shall jind, ts 
the case with equal quantities of different bodies ; and that 
it is so, can be proved also by experiment, as by mixing 
them at different temperatures. If they produce by their 
union a mean temperature, we must infer that the caloric 
in each is the same; because that taken from the one, 
and transferred to the other, has lowered it as many de- 
grees as it has raised the other; but this is very rarely 
the case,—the temperature is either above or below the 
mean. ‘Thus, if equal weights of warm mercury and 
cold water be mixed ina 
jar A, they do not pro- 
duce a mean heat; it is 
far below it. Suppose that 
the temperature of the 
mercury is 156, and of the 
water 40, that of the mix- 
ture is not the mean 98, ee 
it is only 44, so that the mercury has lost 112, but the 
water has gained only 4. Again, if equal weights of 
warm water and cold mercury be mixed, the resulting 
heat is above the mean, Suppose, as before, that the 
water is 156, the mercury 40, the temperature of the 
z Ss DQ. pe \ uae 
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mixture is not the mean 98, it is 152. In this instance, 
the water has lost only 4, but the mercury has gained on 
less than 112, In these experiments, then, the caloric 
which has raised or depressed the temperature of the mer- 
cury 112 degrees, has affected that of the water only 4, or 
1-28th part. Hence, the latter requires 28 times as much 
as the former, to bring it to the same height ; and if $0, 
it must contain 28 times as much. That the caloric in 
bodies is different, is proved aslo 
by adding equal quantities to 
the same weights of them; and 
for this purpose, we have merely 
to use always the same measure 
of boiling water, provided this 
does not act chemically on the 
substance to which it is to be 
added. On the addition of a mea- | 
sure of warm water to the jar W, containing a pound of 
water at 50, the temperature will rise, say 10 degrees. 
On adding a similar measure to O, having a pound of 
sperm oil, it will rise 20; and the same addition to G, in 
which there is a pound of powdered glass, will cause a rise 
of 50. Here, then, equal quantities of caloric added to 
water, oil, and glass, have raised the temperature of 
the first 10, of the second 20, and of the third 50 de- 
grees. If we wished to raise them all the same number, 
say 50, it is evident that we must add twice and a half 
as much to the oil, and five times as much to the water 
as to the glass. If so, oil must contain twice and a half 
as much, and water five times as much, as glass; the — 
quantities of caloric in them are, therefore, -as glass 10, 
oil 25, water 50; or, taking water as the standard, and 
calling it 1000, they are water 1000, oil 500, glass 200. 
The same is the case with all other substances, the caloric 

ssary to raise their temperature to the same height, 
varying in almost every different instance ; hence’ they 
are said to have different capacities for it, (Black’ s Lec- 
tures.) By the term capacity for caloric, then, is meant, 
w the power which bodies have of receiving it, by which 
- their temperature is to be affected, some more than others. 
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The caloric thus retained, has been called specific caloric. 
. It is necessary that we be particular, in drawing the dis- 
tinction between these terms. By capacity is meant, the 
power which bodies have of receiving caloric,—by spe- 
cific caloric is understood, that retained by the capacity. 
Temperature, on the other hand, denotes the effect pro- 
duced on a thermometer, by the heat, retained by the ca- 
pacity. 

Different methods have been recommended, for ascertain- 
ing the capacity of bodies for caloric. Perhaps, the best 
is that already mentioned, mixing them at different tem- 
peratures, and ascertaining the heat of the mixture; pro- 
vided there is no chemical action between them. Thus, 
Suppose a pound of water at 100, be mixed with a 
pound of oil at 40, the resulting heat will be 80, that 
is, the water will lose 20, but the oil will gain 40; 
again, if a pound of oil at 100, be mixed with a pound 
of water at 40, the heat of the mixture will be 60. 
Here the oil has lost 40, but the water has gained 
only 20. In both of these experiments, then, a quan- 
tity of heat, which has affected the temperature of 
the water 20, has affected that of the oil 40; so 
that if it is wished to raise, or reduce both 40, twice 
as much caloric must be taken from or added to the 
water, as to the oil; it is said therefore to have double the 
capacity, of course twice the specific caloric, that the oil 
has. 

When the substance, the specific heat of which we wish 
to find, acts with water, some other body, as powdered 
glass, must be used. Its capacity compared to it may be 
found, and from it, it may be referred to water. It is 
necessary, in performing these experiments, that due at- 
tention be paid to the vessels, to have them as much alike 
as possible, and the different circumstances which influ- 
ence the heating and cooling of bodies must also be at- 
tended to. , 

Other methods have been practised, for’ finding capa- 
city. ‘That followed by Wilcke, is on the same prin- 
ciple as the one described. He brought the body, sup- 
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pose a piece of iron, to the heat of boiling water,’ by 
suspending it in it for some time. It was next put into a 
vessel containing its own weight of water, at 32, and when 
the equilibrium was established, the temperature was 
taken. The capacity was inferred, by knowing the num- 
ber of degrees lost by the one, and gained by the other; 
it being inversely as the effect on each. 

Lavoisier and Laplace, in their experiments, employed 
the calorimeter, (see page 21.) To find the capacity of 
a solid, it was put into the inner cage; fluids were put 
into a flask, and suspended in the cage. According to 
the ice melted, they inferred the capacity, which they sup- 
posed to be just as the quantity of water obtained. 
Thus, if a pound of water, in cooling from 212 to 32, 
liquefied a certain quantity of ice, and the same weight 
of oil, at asimilar temperature, only half the quanti- 
ty, then the capacity, or the specific heat of the latter, 
is only half of that of the former. This method is appa- 
rently free from objection, but it has been already men- 
tioned, that we cannot place any confidence in the in- 
strument, the t*hole of the water formed not being pro- 
cured. sch3 

The preceding experiments apply to solids and fluids 
only. The methods of ascertaining the capacity of gases, 
are far from being accurate, and there are great difficul- 
ties attending the performance of them. | 

It will be afterwards shewn, that when gases are sud- 
denly rarefied, their capacity is increased; and when, on 
the contrary, they are condensed, it is diminished, so 
that heat is taken in, in the former, and given out in the 
latter instance. Mr Leslie has availed himself ‘of this, in 
trying the capacity of geses. For this purpose, hav- 
ing placed a delicate thermometer in the receiver of am 
air pump, part of the air is withdrawn, by which the tem- 
perature falls, but time is given for it to come to what, 
it was before. When this has happened, the stop-cock is 
opened, and air allowed torush in, by which that in the 
receiver is condensed, heat is given out, and the ther- 
mometer rises. ‘To ascertain the capacity of gases, by, 
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attaching bladders with them to the stop-cock, they are 
allowed to rush in to the partially exhausted receiver, 
by which the air in it is condensed, and the same quan- 
tity of caloric, it is supposed, will be disengaged ; but 
as the gases themselves may take in different quantities, 
the effect on the thermometer will be different; that 
which requires the most, will haye its temperature, and 
consequently that of the thermometer, least elevated. The 
capacity is therefore inferred to be inversely as the rise of 
temperature. ~ 

Thus, suppose, when air is admitted, the rise is 10, 
on the introduction of another gas B, it is 20, and of a 
third, C, 40; then the capacity of air being considered 
1000, that of Bis 500, and of C 250, because a> wie 
same heat added to these, has affected their temperatures, 
as 10, 20, and 40, if we wished to raise them all the 
same numbers, we should require to add only half as 
much to B, and a fourth as much to C, as to air. B 
would therefore contain half as much, and C a fourth as 
much, in other words, have half, and a fourth, of the ca- 
pacity of air. The principle of this method is the same as 
that already mentioned, of adding equal quantities of 
heat to bodies, as in the experiment with water, oil, and 
lead. The results, however, do not always agree, which 
would lead us to suppose that there is some source of 
error, of which we are net aware. 

Lavoisier and Laplace, in finding the capacity of gases, 
caused them to pass through spiral tubes fixed in the 
middle vessel of a calorimeter, and having a thermometer 
at each end of the tube, to ascertain the temperature 
of the gas, as it entered and came out. According to 
the ice melted, so is their capacity. 

_ By these different methods, the capacity of different bo- 
dies, and. of course their specific caloric, has been ascer- 
tained. It must not however be supposed, that when the 
term, specific caloric, is used, it is meant to denote the 
actual quantity in a body. Experiments go no farther 
than to find the quantity in one, compared with that in 
another. It is necessary, therefore, to have some sub- 
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stance as a standard, and to which all others can be 
referred. And forthis purpose, water has been fixed on for 
solids and fluids, and air for gases, and called 1000. If, 
then, the capacity of any solid or fluid be 2000, it means 
that, weight for weight, it will require twice as much 
to raise its temperature to the same height as water 
does.—For the capacities of different bodies, see Appendia. 
In referring to that table, the numbers must be con- 
sidered as pointing out the relative quantities of caloric, 
and, of course, the effect that»equal additions would 
produce. Thus, the capacity of water being 1000, that 
of mercury is 28, by which we are informed, that at 
any temperature, the caloric in water being taken as 1000, 
that in mercury at the same is only 28. Hence, we are 
also informed, that if equal quantities were added to 
them, the rise would be inversely as 1000 to 28, that 
is, 1 to 86; consequently, if we wish to raise them to 
the same degree, we must add 36 times as much to the 
water as to the mercury, and hence the principal practi- 
cal application of a knowledge of the capacity of dif- 
ferent bodies. 
_ By the methods already described, the capacity of bo- 
dies has been ascertained, of course at the temperatures at 
which the experiments have been performed. Are we, 
however, from this to infer, that it is the same at 
any other temperature? It is well known that the ca- 
pacity of a body in the solid and fluid form is dif- 
ferent, but will equal additions of caloric raise its tem- 
perature, when in the same state, an equal number of 
degrees at any part of the thermometric scale? ‘Though 
some have supposed that this is the case, yet there are 
strong arguments in favour of an opposite opinion. It 
is well known, that when by any means we condense a 
body, its capacity is diminished, and on the contrary, 
when it is enlarged, it isincreased. From this, then, we 
ought to infer, that at high temperatures, at which a 
body is in a state of great expansion, the capacity is 
much greater than when by the loss of caloric it has been 
contracted. The experiments of Dulong and Petit (Ann. 
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of Phil. xii.) support this opinion. They found the spe- 
cific heat of a substance to increase with the tempera- 
ture. Thus, that of iron, between 


82 and 212 is 1098 
32 and 392 1150 
32 and 572 = 1218 
32 and 658 1255 


The same, they found, was the case with mercury, 

zinc, antimony, silver,copper, and glass. That of pla- 
tinum did not vary in the range of temperature, at which 
the experiments were performed ; from 82 to 572. 
- From what has now been said, it is evident that tem- 
perature may. be changed in two ways; either by the ad- 
dition or abstraction of caloric, or by the alteration of 
capacity. Thus, if by any means the capacity of a body 
is enlarged, it requires less caloric than before, to keep 
it at the same degree; part must therefore be disen- 
gaged, but the moment that this is set free, it raises the 
temperature. On the contrary, when by any means the 
capacity is increased, it requires more heat; if this be 
not supplied, it must take it from itself, and hence its 
temperature sinks. 

Many curious and important phenomena are explain- 
ed by the doctrine of capacity. Irvine has endeavour- 
ed by it to account for the generation of heat and cold 
during chemical actions; and Crawford has applied it to 
the explanation of that power, by which animals are en- 
abled to keep their temperature above that of the sur- 
rounding medium. It will be afterwards shewn, that 
during liquefaction and evaporation, cold is produced, 
and this is also supposed to be owing to a change of ca- 
pacity, which ensues on the alteration of form that the 
bodies experience, (sce Liquefaction, Evaporation, &c.) 


Liquefaction. 


It {ye been already proved, that as a body receives 
heat, it is enlarged. In continuing its application, it 
continues to expand till it arrives at a certain tempera- 
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ture, when:'a change of a different nature ensues. It; 
now becomes liquid, and it is said to be melted, liquefied, 
or fused, and the change is called fusion or liquefaction, 
which is the second general effect of caloric. On the 
contrary, when heat is withdrawn from a fluid, it con- 
tracts, and continues to do so, till at a certain tempera- 
ture it becomes solid, and it is then said to be frozen or 
congealed. In this way almost every solid may be 
made fluid, and almost every fluid solid; hence, as all 
fluids at a natural temperature contain heat, and as by 
abstracting it we can make them congeal, we infer that 
the solid is the natural form of these bodies. ‘Those 
which cannot be liquefied are such as are decompos- 
ed before they arrive at their melting point. Thus coal,’ 
when heated, is decomposed, and new products are 
formed by its elements entering into a different state 
of combination, before it arrives at the temperature ne- 
cessary for its fusion. On the contrary, alcohol and a. 
few other fluids have not yet been congealed, as is also the 
case with some gases ; these, however, it is inferred, would 
become solid, were a sufficient quantity of caloric 
withdrawn from them. So that the solid must be considered 
as the natural form of all bodies. 

The change from solid to fluid, occurs at a certain 
temperature in cach; thus, ice melts at 32, sulphur at 
218; every other substance has its point of liquefactiom 
fixed. Some by the addition of caloric liquefy, without: 
going through any gradation from hardness to fluidity, 
as is the case with ice, while others, as tallow and wax, 
pass through different degrees of consistence, before they 
become fluid. | 

Though the point of liquefaction is determinate, yet 
by uniting substances of different fusibility, the tempe- 
rature at which they become fluid may be varied, and 
many, which cannot in the usual way be made fluid, 
may be fused by particular contrivances, as has been 
proved by the experiments of Sir J. Hall, (Ed. Ph. 
Tr.) Lime-stone, which is a compound of lime and car- 
bonic acid, cannot be fused by heat, because, before it 
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arrives at the temperature necessary for its fusion, it is 
decomposed, and one of its ingredients is given off in 
gas; but if it be subjected to heat and pressure at the 
same time, so as to prevent the escape of the gaseous 
ingredient, liquefactionensues. ‘The same is the case with 
many other substances. 

Tt has been found also, that though bodies become fluid 
at a fixed temperature, this may hevtinda ss vary. Thus, 
if pure water is exposed in an open vessel, to a cool but 
calm atmosphere, so that it be kept without agitation, 
it may be cooled many degrees below the freezing point 
without becoming solid ; indeed, in some instances, it has 
been reduced to 5 without freezing. If, however, the ves- 
sel be struck so-as to agitate the water, the whole of it be- 
comes solid, and the temperature rises to 32. ‘The same 
occurs with many other fluids, as saline solutions, which, 
without undergoing any change, often allow their tem- 
perature to fall far below that at which eangsishion 
should take place. 

Though a substance can be liquefied by the Bn fo 
tion of heat, yet, wien it is brought to its melting point, 
the whole of t% does not suddenly Natsiie Jiuid. On the con- 
trary, the liquefaction goes on gradually. Thus, if heat 
be applied to a flask with tallow, it begins to melt, but 
it requires the continuance of it for some time, till 
the whole of it is liquefied. This shews that it is not 
merely necessary to bring a body to its melting point, 
there must be an absorption of caloric, otherwise there is 
no liquefaction. But besides this, though heat is absorbed, 
there is no elevation of temperature. We are indebted to 
Dr Black for the discovery of these important facts, 
not only that heat is absorbed, but that, during the ab- 
sorption, the temperature does not rise. (Black’s Lec- 
tures.) ‘This remarkable circumstance is proved by a 
very simple experiment ; we have merely to add heat to 
any body, so as to cause it to liquefy, and during the 
change, mark the effect on the thermometer ; but the 
result is still more striking, if we use the same substance 
in different forms. For this purpose put into a jar, A, 
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some ice, and into another, B, some 
ice-cold water, and in each let there 
be a thermometer. By adding to these 
equal quantities of caloric, the results 
will be very different. To get similar 
quantities of caloric, we have only to 
take equal measures of a substance at 
the same temperature, as boiling water, 
which is always, under certain circumstances, at the 
same heat. If a measure of boiling water be added to 
the water in the jar B, the temperature is affected, as 
is shewn by the rise of the fluid in the thermometer, 
say to 40. On adding the same measure to the ice A, 
part of the latter is melted, but there is not the slightest 
rise of temperature; the thermometer still continues at 
32. ‘The addition of another measure to the water causes 
a greater elevation, say to 50, but, on adding it to the ice, 
more of it is melted, but the thermometer still stands 
at 32. In this instance, then, the heat has been absorbed 
by the ice, but the temperature is not elevated; in- 
deed, it is necessary to continue the addition, till the 
whole of it is melted. If, after this, we still throw it in, 
the temperature begins to be affected. 

As in this experiment caloric is absorbed by the ice, yet 
the temperature not raised, Dr Black said that it be- 
comes latent, and hence it has been called latent heat, to 
distinguish it from that which affects the temperature, — 
and which has been termed sensible heat. 

The reverse of this may be expected,—that when a sub- 
stance passes from fluid to solid, it should give forth 
caloric, without having its temperature lowered; and 
that it is so, has been proved satisfactorily with water. 
If two vessels, one with ice-cold spirit 
of wine, 8, another with ice-cold water, 
W, and each having a thermometer 
in it, be placed into a freezing mix- 
ture of salt and snow, caloric will 
be taken from both; by which the 
latter will be frozen, but the former will continue fluid. 
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The thermometer in the spirit will sink, say to0; but 
that in the water will still remain at 32. Here, then, 
heat has been withdrawn from the spirit, so as to 
bring it down to 0; it must also have been taken 
from the water, yet its temperature is not diminished. 
And why? because the water being brought down to 
its freezing point, begins to congeal, and, during its con- 
gelation, must give forth heat. Thus, then, itis proved, 
that a substance, in passing from fluid to solid, gives 
out a large quantity of caloric, but the loss of which 
does not in the least diminish its temperature ; in other 
words, its /atent heat is disengaged. 

Dr Black was not content with having proved the gene- 
_Yal law of the absorption and evolution of caloric, 
during the changes of form mentioned ; he endeavoured 
to find the actual quantity, or rather the actual num- 
ber of degrees. For this purpose he exposed in a room, 
the temperature of which was 47, two similar flasks, one 
with ice at 32, the other with the same weight of water 
at 33. In half an hour the latter had risen to 40, but the 
ice, though part was melted, still continued at 32, and 
required 10} hours for liquefaction, at the expiry of 
which the water formed was also raised to 40. Dr 
Black here estimated the quantity that entered the ice, 
by comparing with it that which the water had acquir- 
ed during the first half hour, and which was 7 degrees. 
This, multiplied by 21, the number of half hours the ice 
took in liquefying, gives 147, but from this there must 
be deducted 8, or that which had raised the temperature 
from 32 to 40, leaving 139; so that as much caloric 
must have entered the ice during its liquefaction, as 
would have raised a similar quantity of water 189 degrees. 

He proved also, by a different set of experiments, 
that the same was given out during congelation. He 
put 593 drachms of ice at 32, into 673 of water at 190, 
by which the whole of the former was liquefied, and 
the resulting temperature was 53, which was of course 
also that of the vessel in which the experiment was made, 
and which he calculated was equivalent to 4 drachms of 
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water, Here, then, 6'73 of water, and the vessel equal to 
4, in all 714, lost 13'7 degrees, which was transferred to 
the ice, and considering its proportion to the water, 
ought to have raised it 86, but it rose only from 32 to 
58, or 21; so that 65 had disappeared. Now, from 
the difference between the capacity of ice and water, and 
considering also the difference in their weight in this 
experiment, these ought to have raised the latter 143, and 
which had entered the ice during liquefaction ; so that 
the result of this agrees very nearly with the former. 
He found also, that by adding a certain quantity of 
ice at 32, to water at 176, the whole was liquefied, and 
the temperature of the fluid was 32; in other words, it 
had lost 144 degrees, which must have been absorbed by 
the ice. From these and other experiments, Dr Black. 
came to the conclusion, that as much caloric enters 
ice, during its liquefaction, as would elevate the tempera- 
ture of the same quantity of water about 140 degrees ; 
and that this is again given forth when the water is con- 
gealed. 

The experiments of other Chemists have given re- 
sults different from this, but the difference is so trifling, 
that that of Black is generally considered correct, more 
particularly as it is the mean of the others. 

. It must be kept in mind, that the caloric which en- 
ters ice during its liquefaction, is said to be as much as 
would affect the temperature of an equal quantity of wa- 
ter 140. From the difference of capacity between ice and 
water, the same would raise the former 155, their capaci- 
ties being, according to Irvine, as 9 to 10. 

It has been proved, that what was established by. 
Dr Black, with regard to water, holds true with other 
bodies. Dr Irvine found that spermaceti, during lique- 
faction, absorbed as much caloric as would raise the 
temperature of the fluid 145, and that tin took in as 
much as, if added to the solid, would affect it 500. 
Others have made experiments on the subject, which 
show, that all substances in passing from solid to liquid, 
absorb caloric, which does not raise their temperature, 
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-and that, in passing from liquid to solid, they give it out, 
without having their temperature diminished. 

Different opinions have been entertained with respect 
to the cause of this absorption and evolution of heat. Dr 
Black imagined, that when a body arrived at its melting 
point, it absorbed caloric, by which it was made to as- 
sume the fluid form ; the absorption thus being supposed 
to be the cause of the fluidity, and hence has originated 
the idea, that caloric exists in two conditions, in a free 
state, or uncombined, and affecting the temperature, and 
in a state of combination, by which it has laid aside 
its ordinary properties, and is therefore said to have be- 
come latent. Dr Irvine, however, did not allow that any 
of it becomes latent. He supposed, that a solid, during 
its conversion to fluid, suffers an increase of capa- 
city, it must therefore require more heat than before to 
keep it at the same temperature, consequently it absorbs 
it, and as the heat taken in goes to satisfy this increased 
capacity, it cannot of course have any effect on the ther- 
mometer. If this opinion be correct, the absorption is 
not the cause, but the effect of the liquefaction. Again, on 
withdrawing caloric from a fluid, it is brought to its point 
of congelation, and, still continuing to remove it, it be- 
comes solid ; the abstraction, according to Black, causing 
the congelation; whereas, according to Irvine, the mo- 
ment a substance is brought to its congealing point, it 
becomes solid, its capacity is diminished, it requires less 
heat than before, part of it must therefore be disengag- 
ed, so that the evolution is not the cause, but the con- 
sequence of the change of form. 

By this absorption and evolution of caloric, many im- 
portant phenomena of nature, and the changes induced 
during chemical action, may be accounted for. When heat 
is applied to any substance, tallow, for instance, it is 
very slowly melted; and though we continue the heat 
for a considerable time, there may some of it still remain 
solid. This is explained by the absorption of caloric, a 
large quantity of which must be added, before the whole 
can be liquefied. Hence also the cause of the time requir- 
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ed to melt immense masses of ice, or collections of snow. 
It is not merely necessary, that the state of the weather 
be such as to raise their temperature to the melting 
point; a great deal of caloric must be thrown in, other- 
wise they will not become fluid. Were it not for this, 
dreadful deluges would follow the liquefaction ; but as 
the heat is slowly absorbed, they are gradually melted, 
and the water formed is thus distributed over the sur- 
face of the globe. The reverse of this is equally bene- 
ficial; for did this law not exist, the moment that the 
water of a lake is cooled to its freezing point, the whole 
would congeal, and prove destructive to the life of its 
inhabitants: Whereas, owing to the necessary extrica- 
tion of caloric, the freezing goes on slowly; — besides, 
heat is thus given out, which, in no small degree, les- 
sens the intensity of the cold that would otherwise 
ensue. 77 

We are thus also enabled to account for the produc- 
tion of cold, by what are called freezing mixtures. When 
a solid and a fluid, or two solids, act on each other, by 
which they become fluid, heat must be absorbed, to 
enable them to put on this form; they therefore take it 
from any body brought in contact with them. . Ice and 
salt, for instance, when mixed, become fluid, and pro- 
duce cold, both of them, during their liquefaction, ab- 
sorbing heat. 

Dr Black and his followers suppose that in this case 
the substances absorb caloric, and become fluid ; where- 
as, according to Irvine, they first become fluid, suffer 
an increase of capacity, and then absorb heat. 

Dr Black and others have shewn, that by certain 
means a fluid may be cooled below the freezing point 
without congealing, but that,.if by any means we cause 
it to assume the solid form, it instantly rises to the point 
of congelation, as is well illustrated in the solution 
of some of the salts in water. If, for instance, a 
flask with nearly a saturated solution of glauber salt at a 
boiling heat, be surrounded by saw-dust, and kept there 
without the slightest agitation, its temperature will fall 
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to that of the surrounding atmosphere, but without de- 
positing any crystals. If, however, the vessel after this 
be shaken, or if a small piece of the salt be thrown in, 
erystallization instantly commences, and the temperature 
rises. Now, in this instance, the moment that the change 
of form commences, heat is disengaged, and it is in this 
way that the rise of temperature is to be accounted for, 
the latent caloric becoming sensible, and affecting the 
thermometer. 

Advantage has been taken of this change in the quan- 
tity of caloric, to determine whether it is possessed of 
weight. Inthe experiments made on bodies at a natu- 
ral temperature and at a red heat, owing to the currents 
induced in the air by the caloric communicated to it by 
the warm body, the arm of the balance was made to move, 
and hence originated the difference in opinion with re- 
spect to it, some asserting that it had no weight, while 
others concluded that it was actually possessed of levity, 
consequently, when added to a body, it.made it become 
lighter. Thus, if a ball of clay at a natural tempera- 
ture be weighed, after bringing it to a red heat, it ap- 
pears to be no longer equipoised, because the currents of 
warm air passing up from it make the arm of the beam 
ascend. Rumford luckily thought of settling the dispute, 
by taking objects in their different forms, by which he 
had equal quantities of matter at the same temperature, 
but containing very different quantities of caloric. He 
took similar flasks, containing equal weights of water, 
alcohol, and mercury at 50. He attached the water and 
the mercury to the opposite ends of a beam, which 
was so delicate that it was affected by a change in 
weight, amounting to not more than the millionth part of 
that with which it was loaded. Having placed them in 
a room, the temperature of which was 30, the water was 
frozen in 48 hours; the mercury of course still continued 
fluid, but there was no difference in their weight. The 
Same was afterwards done with the water after being 
again melted, and the alcohol ; and though the former was 
again frozen, they still continued equipoised. Here, then, 
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the water, owing to its greater capacity, for its capa+ 
city to that of mercury is 28 to 1, must, during the 
reduction of temperature, and also during con gelation, 
have given forth a much greater quantity of caloric than 
the others, yet there was no sensible difference in the 
weight. Rumford, therefore, concluded, that if caloric is 
possessed of gravity, all attempts to discover it must be 
fruitless, as it is not sufficient to affect our most delicate 
instruments 


Evaporation. 


By applying heat to a fluid it expands, and continues 
doing so till it arrives at a certain temperature, when it 
undergoes another change; the cohesion among its par- 

ticles is so far overcome, that it passes into the state of 

vapour ; and the process is called Evaporation, which is 
the third general effect of caloric. The conversion of a 
fluid into vapour is well illustrated in the familiar in- 
stance of boiling water, which, when heated to a certain 
point, is converted into vapour, or-steam. The agita- 
tion, called boiling, is owing to the vapour generated 
below, rising through the water above it. If the heat 
be continued long enough, the whole of the fluid is 
evaporated. 

This process must be distinguished from the evapora- 

_ tion of a fluid, when exposed in an open vessel at a na- 
tural temperature. Thus, if water be kept exposed to 
the air, it slowly disappears, which is supposed to be 
owing to an attraction existing between the air and the 
fluid, by which it is held in solution in the state of 
vapour. This is called spontaneous evaporation, and as 
be considered when treating of water. : rj 

When we withdraw heat from vapours, they are con- 
densed, or again become fluid. It is well known, that if a 
cold object, as a plate of metal, be held near the mouth 
of a tea-kettle in which water is boiling, it is instantly 
covered with moisture, owing to the condensation of the 
steam. That a vapour is condensed as its temperature 
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falls, may be proved in another way, and still more satis- 
factorily ; but, before stating the experiment, it must be 
premised, that the air of the atmosphere, though a light 
fluid, yet, from its great bulk, presses on the surface of 
the earth, and of course on all other objects, with a 
weight of 15 Ib. on the square inch; and which pressure 
is equal to that of a column of mercury of 30 inches, or 
of water of about 32 feet; so that in any exhausted 
vessel these would rise to the height stated. To prove 
that vapour is condensed as its temperature falls, put a 
little water into a flask, and boil it for some time, by 
which the whole of the air is expelled, and that part 
not occupied by the fluid, is filled with steam. When it 
is in this state, cork it tightly and cool it, then plunge the 
mouth of it into a basin of water, and remove the cork, 
and the moment that this is done, the fluid will rush 
up, being forced in by the pressure of the atmosphere, 
proving that there must have been a vacuum occasioned 
by the condensation of the vapour. 

The condensation of vapour is proved also in another 
way, and perhaps still more satisfactorily, as the con- 
densed substance may be actually collected: all that is 
necessary is, to 
put water into 
a retort A, to 
which a receiver 
Bis adapted, 
and which must 
be kept cool, as 
is easily done by 
putting it into 
a plate D, and 
surrounding it by a mixture of ice and water; or it 
may be covered with a piece of cloth, and a stream of 
water allowed to flow on it, either by means of a syphon, 
or, which is more easily managed, by a funnel C, the 
throat of which has a grooved cork in it, and by which 
we can allow a large or a small stream to flow as we please. 
By the application of heat to the retort, the water is 
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dissipated in vapour, and which is again condensed in . 
the cool receiver. ; 

The part of the thermometric scale at which bodies 
assume the vaporific state, varies in almost every different 
imstance.—Some evaporate at a low temperature, while 


' others require a most intense heat ; indeed many have 


not yet been converted into vapour. The former have 
been called. volatile, the latter fixed; terms, however, 
which are very indefinite. Other bodies, on the con- 
trary, are at a natural temperature in the aeriform 
state, and many of them cannot, by the application 
of an extreme degree of cold, be made to lay aside this 
form. This has given rise to the division into vapours, 
or those which are easily condensed, and gases, (a term 
derived from the German word gas, signifying air), 
or permanently elastic fluids, which, as the name would 
lead us to suppose, cannot be condensed. Thus, if heat 
be applied to chalk, a substance is given off in the 
aeriform state, and though the temperature of this is 
reduced, as by collecting it in a jar over a water trough, 
it still remains in the same form. This division is, how- 
ever, incorrect. It is now well known, that what were 
at one time supposed to be permanently elastic, can be 
condensed either by the application of cold, or of strong 
pressure, as has been beautifully illustrated by the ex- 
periments of Faraday, (Ph. Tr. 1823), in which, by a 
very simple contrivance, merely by subjecting the gas 
to a pressure produced by itself during its formation, 


a “he has succeeded in causing many of them to become 


# 


fluid. Again, by making gases enter into union either 
with themselves or with other bodies, they lay aside their 

gaseous form, so that we must consider them merely. 
solids converted into the aeriform state, by having 

combined with a sufficient quantity of caloric at a very 

low temperature, and which caloric we cannot in all cases 

withdraw. 

The preceding remarks apply in a great measure to 

the conversion of a fluid to vapour, and of a vapour to— 
fluid; there are many instances, however, of a solid 
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changing at once to vapour, and a vapour to solid, with- 
out being previously fluid. Thus, on applying heat 
to iodine, it does not liquefy, it at once passes off in 
vapour of a beautiful violet colour, which, as it reaches 
the cool part of the apparatus, is condensed in slender 
crystals. 

The distinguishing feature of aeriform bodies is elastici- 
ty, or the property of resuming their former bulk, after 
having been condensed by pressure, and the pressure is 
again removed. By that of a few inches of mercury, air 
and other elastic fluids are much diminished, and by 
compression alone many of the gases have been‘ condens- 
ed; but the moment the compressing force is with- 
drawn, they again become gas. Rarity is another feature 
of vapours, and which is so great as to cause them to 
be invisible, unless when they are of a particular colour. 
Thus, a vessel filled with steam is perfectly transparent. 
We may have some idea of the rarity of these bodies 
from the space a fluid occupies when converted to vapour ; 
steam, for instance, is between 1700 and 1800 times the 
volume of the water from which it is formed. 

Though bodies pass off in vapour at different tempera- 
tures, yet, ceteris paribus, the vaporific point of a fluid is 
always the same. Thus, water boils at 212, mercury 
at 656. ‘There is one circumstance, however, that ma- 
terially affects the boiling point, which is the pressure. 
As it is increased, it becomes higher, but when dimi- 
nished, it is lowered. ‘That the boiling point is lowered 
as the pressure is diminished, may be proved in different 
ways. By means of an air-pump, we are enabled to 
withdraw the air from a bell-glass, so that any substance 
placed under it must have less pressure than when ex- 
posed to the atmosphere. 

Before stating the experiment, it is necessary to ex- 
plain how the air-pump acts. This will be most easily 
understood by attending to the figure, which represents 
a vertical section of a pump, in its simplest form. <A is 
the bell-glass, or receiver, that is to be emptied of its air, 
placed on the plate of the pump, BC. This commu- 


10 CALORIC. 


nicates by means of a tube D, with the syringe E, m 
which there is the piston F, that moves upwards and 
downwards, but quite air-tight. At G, the opening of 
the pipe D, there is a valve which allows air to flow from 
the receiver into the syringe, but prevents its return. 
In the piston there is a tube with a valve at H, which 
allows air to pass from 
the under to the upper 
part of the syringe, 
but prevents it from 
going down again. 
The construction of 
this valve is very 
simple; it is merely 
a small piece of oiled B 
silk, tied loosely over 
the mouth of the tube. 
When the air passes 
through, it raises it; 
but on again attempting to return, it forces it down on. 
the tube, which thus prevents it from passing. When we. 
wish, then, to exhaust the receiver A, by raising the 
piston F, the air, owing to its elasticity, expands, and. 
is thus divided between it and the syringe, the valve in, 
the piston being shut when it was raised, by the pressure. 
of the air above it, which is thus kept from passing 
through it into the lower part of the cylinder. On 
again forcing the piston down, the valve at Gis shut, 
while that at H is opened; the air therefore below, _ 
being prevented from returning into the receiver, escapes. 
at H. When the piston is raised, the valve at H is 
shut, and that at G is opened, the air in the receiver is 
therefore again divided between it and the syringe, and 
on again forcing the piston down, the air drawn from the 
receiver is expelled at H. In this way, by alternately 
raising and depressing the piston, the greater part of the 
air may be removed. It is evident, however, that we 
cannot take out the whole; for when the elasticity of 
that left becomes very slight, it ceases to move the. 
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valve, so that any farther working of the pump does not 
draw out more. ' 

If a substance be placed in the receiver, and the air 
be withdrawn, it must sustain less pressure than when © 
exposed to the atmosphere. To prove, then, that the 
boiling point of a fluid is lowered as the pressure is di- 
minished, if a jar with a mixture of equal measures of 
cold and boiling water be placed under the receiver, and 
the air withdrawn, it begins to boil, and will continue to 
do so for some time, even though the temperature be 
perhaps 140 degrees below the usual boiling point. 

That the boiling point of a fluid is lowered as the 
pressure is diminished, is proved also in another way. 
If water be boiled in a flask for some time, the whole of 
the air of the vessel is expelled, and the upper part of it 
is filled with steam. If, in this state, it be corked tightly, 
and plunged instantly into cold water, it boils briskly, and 
continues to do so for some time; but if it be plunged 
into boiling water, the ebullition ceases. On again put- 
ting it into the cold water, it begins to boil, and on again 
placing it in the warm fluid, it ceases to do so. In this 
instance, when the vessel is corked, and putinto the cold 
fluid, the vapour in the upper part is condensed; there 
is thus produced a vacuum; and as the fluid within is 
relieved of its pressure, it boils, even though it is below 
its boiling point. On putting it into warm water, the 
vapour is prevented from being condensed; it exerts, 
therefore, a pressure on the fluid nearly the same as that 
of air ; and as the temperature is below the point of ebul- 
lition, it does not boil. Here, then, by keeping the flask 
in cold water, the fluid, by the condensation of the va- 
pour, is kept under a diminished pressure, by which the 
boiling point is lowered. In this way it may be reduced 
many degrees; indeed, did no pressure exist on fluids, 
there would not. be any body in that state; it would 
instantly assume the form of vapour. 

Lf, instead of diminishing, we increase the pressure, the 
boiling point becomes higher. Thus, if heat be applied 
to water in a close vessel, it may be raised many degrees. 
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beyond 212 without boiling, the vapour at first formed 
exerting an additional pressure on the fluid, and thus pre- 
venting its ebullition. The apparatus by which it is 
most easily shewn, is that called Papin’s 
Digester. It is a strong metallic vessel 
A, with a lid, sinieed to it by luting. 
In the lid there is a stop-cock B, and 
there is also another opening C, shut 
by a stopper D, loaded with a certain 
weight, to prevent the too great accumulation of steam ; 
for when it is collected in great quantity, the weight is 
raised, and the superfluous vapour allowed to escape. 
When water is heated in this apparatus, it may be raised 
many degrees beyond the boiling point ; but after remov- 
ing it from the fire, the moment the stop-cock is opened, 
so as to relieve it of its additional pressure given by the 
steam, it begins to boil, and continues to do so for some 
time, shewing that its temperature must have been far 
beyond its usual boiling point, the caloric that keeps 
up the ebullition, being that which had raised the fluid 
above this. It has been ascertained by experiment, that 
water may in this way be brought up to 400, or even 
500; indeed, were the vessel of sufficient abreeete it 
might be made much higher. 

As the pressure which fluids sustain from the air is 
greater at one time than another, the boiling point varies. 
In this country, the range of the barometer, the instru- 
ment used for ascertaining the pressure of the atmos- 
phere, is about 3 inches, from 28 to 31, and it has been 
ascertained, that for each inch of difference, the boiling 
point of water is altered 14 degree of the thermometer ; 
it may therefore vary nearly 5. It has been already 
mentioned, that in the construction of a thermometer, 
_ (See page 15,) one of the fixed points of the scale is 
found by plunging it into boiling water. It was, how- 
ever, stated, that there was one circumstance to be at- — 
tended to, the pressure of the atmosphere. In gradu- 
ating thermometers, therefore, we must attend to the 
height of the barometer. We must either seize the op- 
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portunity when it is at its average height, 30, at which 
water boils, at 212, or we must make allowance for the 
difference, about 14 degree for each inch it is above or 
below it. 

The following table shews the difference in the boiling 
point, by a difference in atmospheric pressure, and, of 
course, enables us to mark the degree on the stem of a 
thermometer, when the ball is in water boiling at these 
pressures. 


Barometer. Boiling point. Barometer. Boiling point. 
dl. 213.76 29. 210.19 
30.5 212.88 _ 28.5 209.31 
30. 212, 28. 208.43 
29.5 211.07 27.5 207.55 


If therefore the barometer should be at 31, the part of 
the stem must be marked 2133. 

ft is evident also from the preceding remarks, that water 
must boil at different temperatures at different heights, 
even though there is no change in the state of the at- 
mosphere, the pressure being less as we ascend; and, as 
we know the variation which the difference in pressure 
occasions, it affords us an easy method of finding the 
height of an object. It has been ascertained, that for 
each degree that the boiling point is lowered, we must 
allow an ascent of about 530 feet. We have, therefore, 
merely to find the temperatures at which water boils 
at the top and bottom of the object, and allow 530 feet 
for each degree, taking care, at the same time, that there 
has been no change in the state of the atmosphere, which 
would cause a difference in the boiling point, indepen- 
dent of that occasioned by the diminution of pressure 
owing to the difference in height. This method of ascer- 
taining the height of an object, has been brought to a 
great state of perfection since the invention of a ther- 
mometer by Mr Wollaston, (Phil. Tr. 1817 ») each degree 
on the scale of which can be divided into 1000 parts, so 
that each division in the difference of the boiling point is 
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equal to a variation in pressure occasioned by 6.36 inches 
fo height. By this contrivance, he has been enabled 
to ascertain the height of a common table. 

Another circumstance affecting the vaporific point, is the 
nature of the vessel. Gay Lussac has shewn (An. of 
Phil. xu.) that in those of glass it varies considerably, 
being sometimes 214. He found, however, that on throw- 
ing in a coil of wire, some sand, or powdered glass, the 
boiling point was lowered, and the ebullition went on more 
steadily. This seems to be occasioned by the asperities 
of the glass, and the points presented by the sand or 
wire from which the vapour arises; for it is well known, 
that in cases of effervescence, the gas generally proceeds 
from some point of a solid in the fluid. Hence, also, the 
use of throwing into boilers some pieces of metal, or in- 
deed any object by which the evaporation is greatly pro- 
moted. 

Bostock has shewn that the boiling point of other fluids 
may be altered in a similar way. Thus, by throwing some 
chips of cider-wood into ether, it boiled at 50, and into 
alcohol, at about 30, below their usual points of ebullition, 
(An. of Ph. N. S. ix.) 

It has been already mentioned, that by increasing the 
pressure, the boiling point becomes higher. Ifthe fluid 
is prevented from boiling by confining the vapour, the elas- 
ticity ts increased toa great degree; and that it is so is 
proved by a very familiar experiment, in applying heat: 
to a candle cracker. This is merely a small glass ball 
containing water. By putting it in the flame of a can-. 
dle, the water is made to boil, and in the course of a 
very short time causes an explosion, owing to the expan- 
sive force of the steam, for on the continuance of the 
heat it accumulates, and the elasticity becomes so great 
as to burst the globe. The dreadful accidents occa- 
sioned by the falling of a drop of water on melted metal, 
are accounted for in the same way, the amazing force 
exerted by the steam suddenly generated by the heat, 
throwing about the melted metal. The explosions of 
the boilers of steam engines are owing also to the same 
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cause ; the valve for allowing the escape of the superflu- 
ous vapour becoming fixed, it is prevented from escaping, 
and thus accumulating, its elasticity becomes so great as 
to burst the vessel. Tt must be kept in mind, however, 
that in augmenting the elasticity of vapour by an elevation 
of temperature, it must not be separated from the parent 
fuid. If removed from this, by increasing the heat, 

the elasticity is increased only in a small degree, but 
keeping it in contact with the fluid from'which it was 
formed, every addition of caloric causes the formation of 
more and more vapour, so that the elastic force becomes 
very great. 

Mr Dalton has endeavoured to ascertain the elasticity 
of the vapour of water at different temperatures, while it 
is in contact with the parent fluid. From his experi- 
ments he has concluded, that the elastic force of steam 
generated between 32 and 212, increased by a gradually 
diminishing geometric progression, as the temperature 
was elevated; from which he has given a table of the 
elasticity at different temperatures. The table given by 
Ure (Phil. Tr. 1818,) agrees very nearly with that of 
Dalton, as far as 212, but above this there is a consider- 
able difference, owing to a difference in opinion entertain- 
ed, with respect to the ratio by which the elastic force is 
increased, (see Appendiz. ) 

The elasticity of the vapours of different bodies is dif- 
ferent when at the same temperature; but Dalton has 
established the general law with respect to them all, 
that it is the same when they are generated at the boiling 
point, and that at equal distances above or below this, it 
is also similar. Thus, that of steam at 212, is equal to 30 
inches of mercury, that of ether at 102, its boiling point, 
is the same. Farther, the elasticity of the vapour of water 
at any number of degrees below the point of ebullition, 
say 40, is just the same as that of ether at 40 below its. 
boiling point. 

‘Though by confining the vapour the elasticity be- 
comes very great, and of course prevents the fluid from 
boiling, yet, provided the vessel is of sufficient strength, 
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there is a certain point at which the whole of it evapo- 
rates. De la Tour has shewn (An. de Chimie, v. xxi.) 
that alcohol heated to 405 in a strong close tube passed 
into vapour, which had a pressure of 119 atmospheres. 
The same was the case with ether at 320, the elastic force 
being 37 atmospheres. 

It has been already proved, that a solid, when becoming 
Jiuid, absorbs caloric, without having its temperature ele- 
vated ; the same occurs when a fluid is changed to va- 
pour. When water, for instance, arrives at a boiling 
point, the whole of it does not in an instant become 
steam; on the contrary, the evaporation goes on slowly. 
That fluids during evaporation absorb caloric, is proved 
by a very simple experiment. Put some water into a 
flask A, in which there is a thermometer filled with oil 
or mercury; place this over ‘a lamp, the thermome- 
ter gradually rises, till the fluid begins to boil. If the 
height of the instrument be marked, it will be found not 
to vary in the slightest degree. Suppose it stand at 219. 
After leaving it there for some time, draw it into the 
upper part of the flask, so as to have 
it surrounded by the steam B, the 
temperature will be found to con- 
tinue the same, at 212. Here, then, 
caloric was at first flowing in, in 
a certain ratio, by which the water 
was brought to the boiling point. 
It must have continued to flow in 
afterwards in the same ratio, yet the 
temperature of the water, or of 
the steam, is not affected; it must 
therefore be absorbed. 

‘The same is proved by the experiments with Papin’s 
digester, already mentioned. When the temperature of 
the water, and of course of the vapour over it, was 
brought to 400, and the stop-cock opened, steam rushed 
out with great force, and at the same time the water it- 
self and also the steam were suddenly reduced to 212; 
the caloric, the loss of which had lowered the tempera- 
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tureof both nearly 200, having been absorbed by thesteam. 
Dr Black endeavoured to ascertain the quantity that enter- 
ed in the following way. He put equal parts of water 
at 50 into tin vessels, and exposed them to a steady heat. 
In four minutes it began to boil, and in 20 it was all 
evaporated ; so that in the first 4, it had acquired as 
much caloric as raised it 162, and during the last 16 it 
must have received it in the same ratio, consequently in 
all as much had entered, as would have raised the fluid 
810. Mr Watt has estimated it higher. In one experi- 
ment, water was boiled for half an hour in Papin’s di- 
gester, during which it lost half an inch of its depth. 
The stop-cock was then shut for the same time, at the 
end of which the fluid had arrived at 400. The cock was 
then opened, steam rushed out, and continued to do so 
till the water had lost an inch. From this he conclud- 
_ed, that as much had entered as would have affected 
the water 950. Lavoisier fixed it at 1000, and Dr Ure 
has lately made it 967. 

When fluids evaporate spontaneously, they also absorb 
caloric. It is well known, that when the hands are wet- 
ted and exposed to the air, they feel cold, because the 
moisture passing off in vapour, is constantly withdrawing 
caloric from them. This may be shown also, by cover- 
ing the ball of an air thermometer with muslin, and 
pouring .a little ether on it; it will quickly evaporate, 
and the instrument will indicate cold. When also fluids 
are made to evaporate under diminished pressure, cold is 
produced, they must therefore absorb caloric. Thus, if a 
ball of a thermometer, covered with muslin, be so placed 
under the receiver of an air-pump, that ether can be al- 
lowed to fall on it drop by drop, on withdrawing the air 
the evaporation goes on quickly, and a sufficient de- 
gree of cold is produced actually to cause the mercury 
to be frozen. Numerous other instances might be given, 
but for these, see Sources of Cold. 

It may be expected, that as there is an absorption of 
heat during evaporation, there should be an evolution of it 
when vapour 18 condensed ; and this is actually the case, as 
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has been proved satisfactorily, with respect to water. By 
the addition of equal weights of boiling water and steam 
to any body, the temperature is very differently affect- 
ed, that which receives the steam becoming the highest. 
Take two graduated vessels, A and B, and put into 
each 6 ounces of cold water. Place a retort with a.bent 
neck C, with water, over a chauffer, and when boiling, put 
the mouth of it into the jar A. ; 
As the vapour comes into con- 
tact with the cold fluid, it is 
instantly condensed, and con- 
verted into water: so that, by 
measuring the water formed, we 
know the quantity of steam add- 
ed. Suppose that we continue 
the experiment till the fluid rises to the mark 8, we have 
added 2 ounces of steam; we have then to pour in boil- 
ing water into the other jar, to the same height. Ifa 
thermometer be now put into them, it will be found that 
the temperature of that which has received the steam is 
much higher than the other. Here, then, we have added 
equal weights of water and of steam, both at the same 
heat, (and that they are so, the experiment with the flask 
and thermometer shews,) yet that which received the 
steam has its temperature highest; it must, therefore, 
have acquired most caloric. The steam, then, during its 
condension, must have given forth heat; in fact, it gives 
out that which it previously had absorbed during its for- 
mation. 

On this principle it can be explained, why the hand can 
bear with impunity air at 212, but is instantly scorched 
by steam, the steam being condensed by it, and giving 
forth a large supply of heat. 

That vapours and gases contain a large quantity of 
caloric, is also shewn by suddenly compressing them, : or 
by making them lay aside their gaseous form, by enter- 
ing into combination. Thus, if air be suddenly com- 
pressed, as in forcing it into an air gun, heat is evolved, 
and by a particular contrivance it has been found, that 
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the rise of temperature is sufficient to set fire to inflam- 
mable bodies. (See Sources of Heat.) The same is 
the case, if two gases be made to enter into union. 
Thus, if chlorine and ammoniacal gases be mixed, there 
is an immediate action ; they lay aside their gaseous state, 
forming the powder of muriate of ammonia, and the hy- 
drogen of the ammonia is inflamed, the heat which kindles 
it being set free during the condensation of the gases. 

The same remarks apply to the absorption of caloric dur- 
ing evaporation, as to fluidity. Dr Black supposed, that 
the water having arrived at its boiling point absorbs heat, 
which thus makes it assume the form of vapour, the ab- 
sorption being the cause of the evaporation, and the calo- 
ric of course becoming latent. Thus, he supposed that 
ice with a certain quantity of caloric formed water, and 
that with more it became vapour. Dr Irvine on the con- 
trary maintained, that the caloric goes to satisfy the in- 
crease of capacity; that when water is brought to its 
boiling point, it is converted to vapour, and at the same 
time its capacity for caloric is increased, hence it requires 
more to keep it at the same temperature ; it therefore ab- 
sorbs it, the absorption being the consequence of the change 
of form, According to Black, when a vapour is cooled, 
thatis, when heat is withdrawn, it becomes fluid or solid, 
giving forth its latent heat ; whereas, according to Irvine, 
having reduced the temperature, the vapour becomes fluid 
or solid, the capacity is lessened, it requires less than be- 
fore to keep it at that temperature, and part of it is there- 
fore set free ; so that as with the absorption, according 
to the former, the disengagement of heat is the cause, ac- 
cording to the latter, it is the effect of the change. 

The general law of the absorption and extrication of ca- 
loric during evaporation and condensation of vapours, 
serves important purposes in the economy of nature. When 
the earth is heated by the sun’s rays, the evaporation 
from its surface and from collections of water is consi- 
derable, so that caloric is absorbed, and the heat which 
would otherwise be produced is moderated. On the con- 
trary, as the vapour is deposited from the atmosphere, 
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the caloric which it had previously imbibed, is extricat- 
ed, and hence the beneficial effects of the deposition of 
dew or hoar-frost on vegetation, and even, by this also, 
the intense cold that might otherwise be occasioned 
during night is in a great measure prevented, (see page 
48.) Did this law not exist, we never could attempt to 
boil water; for the moment it is heated to its boiling 
point, the whole of it would pass off in vapour, and cause 
the vessel to burst with prodigious force; whereas, owing 
to the necessary absorption of heat, the change goes on 
slowly, the vapour escaping as it is formed. 

The uses to which evaporation is applied are nume- 
rous and important. Many of the operations of chemis- 
try depend on the tendency which bodies have to pass off 
in vapour at different temperatures. Thus, when a solid 
is dissolved in a fluid, they can be separated by applying 
heat; the latter will be evaporated, the former will re- 
main in the vessel. When this process is carried on 
without wishing to preserve the fluid, it is called evapo- 
ration ; but when it is to be kept, it is termed distillation. 
’ The former is practised in open, the latter in closed ves- 
sels. Thus, when the matter in solution is to be procur- 
ed, the fluid is heated ina shallow basin, so that as great a 
surface as possible may be exposed, by which it is quickly 
evaporated. In carrying on distillation on asmall scale, the 
fluid is put into a retort, to which a receiver is adapted, 
and which must be kept cold, to condense the vapour that 
flows into it, (see page 67.) In conducting it on a large 
scale, the fluid is put 
into a still, A, and the 
vapour is made to pass 
through a spiral tube, | 
or worm, B, placed in | 
a tub with cold water, 
called a refrigeratory, 
C. In this worm the va- 
pour is condensed, and : 
escapes at the open end, where it is collected in vessels, D. 
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The only fluid, the vapour of which we can put to any 
particular use, is water. Steam, owing to the large quan- 
tity of caloric which it gives forth during its condensa- 
tion, is employed for heating apartments. For this pur- 
pose, pipes connected with a boiler are carried through 
the room, being, till they enter the apartment, left 
resplendent, to prevent the heat from being too quickly 
earried off, and by which the steam would be condensed. 
Steam is also employed for carrying on different chemi- 
cal processes in which too great heat would be injurious, 
as in assisting fermentation, and in drying substances 
- gradually, and without the risk of burning them. When 
it is used for the last of these, suppose for drying gun- 
powder, the powder is placed on boxes, which are fill- 
ed with it, the condensed vapour being carried off by 
tubes. When it is employed for heating fluids, it is 
either condensed in them, or made to pass through them 
in worms. 'Thus, in heating water for baths, or in the 
operations of dyers, where water is used for dissolving 
the dye, a tube terminates in each bath, or dye vat, near 
the bottom, where it is condensed ; it gives out its latent 
heat, and warms the whole of the fluid, as was the case 
in the experiment mentioned at page 78. In those cases, 
on the contrary, in which the condensed steam would 
prove injurious to the fluid, in the distillation of spirits, 
for instance, a worm passes through it, and comes out at 
the bottom, (as in the refrigeratory, page 80,) and being 
kept constantly full of steam, which is to be condensed, 
the latent heat is evolved, and brings up the tempe- 
rature sufficient to carry on the distillation. 'The con- 
densed steam escapes at the mouth of the pipe. In the 
same way brewers sometimes warm their fluids, for ex- 
tracting the soluble matter from malt. 

It must be kept in mind, that in heating by steam, 
the temperature cannot go beyond 212, the boiling point 
of water, because, when the substance is brought up to 
this, it ceases to condense it, so that any additional 
quantity thrown in, though it keeps up the tempera- 
ture, cannot carry it higher. © 
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Incandescence, or Ignition. 


Tue three general effects of caloric already treated — 
of, may be considered as different degrees of the same 
law,—that it has a tendency to make the particles of a 
body recede, the separation increasing according to its 
addition. The fourth effect is quite distinct. By Jn- 
candescence, or Ignition, is meant, that substances, when 
heated to a certain temperature, become red hot, or they 
emit light as well as heat. 

Incandescence is not accompanied seta any. chemical | 
action, and must therefore be distinguished ‘from com=_ 
bustion, which is the result not only of the addition of | 
caloric, but of an action between the air and the body, 
which, when it has ceased, no longer remains combustible. 
Ignition, on the contrary, is altogether independent of 
the air, and is continued as long as the temperature is 
kept up, and may be renewed at pleasuie 

The point of the thermometer at which bodies become 
Incandescent is differently stated by authors, yet it seems 
to be the same in all; of course it must vary according 
to circumstances, particularly with respect to light; an 
object which is red hot in the dark not. being so in 
day light. Sir Isaac Newton fixed the point of incandes- 
cence in the dark at 635; but this is too low, for mer- 
cury boils at 656, and is not incandescent. Other experi- 
menters have placed it at about 790, while Wedgewood | 
has made it about 950. It is now generally supposed 
that ignition in the dark occurs at about 800. As the 
heat i is increased, the emission of light also ‘becomesigreat 
er, and the colour changes first into red with an admix-_ 
ture of yellow, and lastly into bright white, beyond which 
there is no change. The degrees at which these occur 
have not been ascertained with accuracy. Newton has — 
placed the full red heat at about 750, and incandesc cence 
visible in day light at 1000, while Wedgewood has fi ced 
it at 1077. The former, it has been already said, has 
made ignition in the dark too low; we cannot, therstope 
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place much confidence in the results of the experiments 
on this subject. 

The temperature necessary for making fluids, but 
more particularly gases, incandescent, is above that of 
solids; and that gases do assume this state, is evident 
from the light given out during many cases of combus- 
tion, flame being merely incandescent gaseous matter, the 
heat which has brought them to the proper temperature, 
being evolved by the chemical action accompanying the 
combustion. 

Bodies may be made red hot by friction and _per- 
cussion, as well as by the direct application of heat. 
Thus, if two hard substances, as flint and steel, be struck 
together, small sparks fly off; or if a piece of hard metal 
be rubbed against a stone, as in the familiar instance of 
a grinding-stone, it becomes red hot. This is, of course, 
to be ascribed to the heat excited by the friction and per- 
cussion being sufficient to elevate their temperature to 
that of ignition, as it is well known that caloric is evolv- 
ed during these processes. (For the farther consideration 
of this subject, see Light.) 


Sources or Heat anv Co.p. 


From the tendency which heat has to diffuse itself, 
till there is an equality of temperature, it would soon be 
established over the earth, were it not for the constant 
operation of foreign powers; the changes that occur are, 
however, not great, the extremes of heat and cold that 
would otherwise ensue, being prevented by thesame causes. 
The range of natural temperatures is by no means ex- 
tensive. The average heat of the globe is about 50, the 
extremes not being many degrees above or below this. 
In warm climates, the thermometer occasionally stands 
at 110 or 115 in the shade, while, in the colder regions, 
it sometimes falls to —50, thus making a difference of 
about 160 or 170 degrees. The range of temperature 
which we can procure by artificial meas, is luckily much 
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greater; the lowest cold, accurately measured, being —9Jl, 
or 123 below the freezing point ; while the greatest heat, 
also accurately ascertained, was 153 W. which, if we 
place reliance in the pyrometer, must have been 24,000 
F. Higher and lower degrees have been produced, but 
the temperature of these has not been ascertained. | 

This brings us to the last part of the subject of Caloric, 
the means of producing a change of temperature, or what 
‘is commonly called, the generation of heat and cold. 


Means of Generating Heat. j 

Tue different methods of generating heat, are tse Solar 
Rays, Electricity and Galvanism, mechanical action be- 
tween solids, as Friction and Percussion, and Chemical 
Action, under which is included Combustion. 

The principal source of the heat of this globe is the pte 
rays, which areconstantly passing from the sun to the earth, 
and warming it, or any other dense object on which they 
strike. The heat produced in this way, in the open atmos- 
phere, is by no means high, but it depends in a great. 
measure onthe nature of the object on which the rays strike, 
and that it is so, has been proved by the experiments of 
Franklin and Davy. Franklin, by exposing pieces of dif- 
ferent coloured cloth on snow, found, that when the sun’s 
rays acted on them, they sunk into the snow, just in pro- 
portion to their darkness, black sinking by far the most. 
Similar experiments were performed by Davy (Beddoes’ 
Contributions.) Hetook equal pieces of copper, and paint-. 
ed one side of them white, yellow, red, green, blue, and 
black, and on the opposite side was placed a small piece 
of cerate. On exposing the painted sides to the sun’s rays, 
he found that the cerate was first melted on the blackens 
ed, next on the blue, then on the green and red, next on the 
yellow, and lastly on the white; owing of course to the 
difference in the absorption, the blackened one absorbing 
most, the white least, in other words reflecting powerfully. 

The heat produced by the solar rays may be eae by 
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particular means. Yn an experiment in which Saussure 
enclosed the bulb of a thermometer in a box of cork, and 
charred in the inside; on allowing the rays to flow on it, 
the temperature rose to 221: and Professor Robison 
found that he could by a similar contrivance produce a 
heat of 237, while that of the atmosphere was only 73. 
By other methods, a much more intense heat can be pro- 
duced, as by concentrating the rays by mirrors and len- 
ses. The large lens made by Parker very easily fused 
silver and gold, and caused them to pass into vapour. 
Hence this affords an easy method of trying the effects of 
an intense heat on different bodies, as when they are con- 
fined in gases. A very high temperature is also excited by 
common mirrors, asthose used for radiation; they are how- 
ever subject to this objection, that as the rays are directed 
upwards, when the substance on which they strike begins 
to melt, the application of the heat must be discontinued. 

Rumford has shewn that a lens and mirror do not act, 
as some supposed, by augmenting the power of the rays, 
but merely by causing a greater number to act on the 
same spot; for he found that, in directing them on a 
blackened flask, the water in it was brought to the same 
temperature whether the rays were dispersed over its sur- 
face, or concentrated by a lens. —(Jour. de Phys. lxi. 32.) 

Electricity and Galvanism produce a very high tempe- 
rature. By them, more particularly by the latter, metals 
may be made red hot, and even converted to vapour ; 
and by the former, gaseous bodies are easily inflamed, 
(See Electricity and Galvanism ). 

Friction and Percussion are also sources of heat. ‘That 
heat is evolved by friction is well known, and that the tem- 
perature is intense, has been proved by many experiments. 
By rubbing two pieces of wood together, by the friction 
of a rope over a pulley, or of the axle of a carriage, com- 
bustion is often produced. In this way forests have been 
burned by the violent friction of the branches against 
each other during storms. The wheels of machinery, 
and ships also, by the rubbing of the cables’ against the 
sides during the lowering of the anchors, have been set 
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on fire. The temperature produced in these instances 
does not depend on the hardness of the bodies employed, 
as it is generally remarked that the softest woods occa- 
sion the greatest heat. : ut 
The heat excited by percussion is equal, in many cases 
it is superior, to that evolved by friction. If a piece of 
iron be struck against flint, or two flints against each 
other, small sparks are thrown off. A familiar instance 
of the generation of heat by percussion, is the method a 
blacksmith often resorts to for kindling a fire. He places 
a small rod of iron on the anvil, and strikes it repeatedly 
and forcibly with his hammer, by which, in a short time 
it becomes so hot, that a sulphur match may be easily | 
kindled by it. Hon 
Under the production of heat by mechanical means, 
may be mentioned the method of generating it by sud~ 
denly condensing atmospheric air. In working 
the syringe, by which this is compressed into an 
air-gun, it is always found to become warm. In 
this case much of the heat evolved must depend 
on friction ;-a sufficiently high temperature can, 
however, be produced by the sudden compression 
of air, to set fire to inflammable bodies, on which 
depends the instantaneous light-giving syringe, 
much used on the continent, for affording a light. 
It is merely a small brass tube, A, to which. a pis- 
ton, B, is accurately adapted, and at the end of 
which, C, there is a cavity for containing the tin- 
der. That employed is the substance called. |. 
Amadou, which is a fungous excrescence growing | — 
on some trees, and beat till it becomes quite 
spongy, and afterwards soaked in nitre. A.little — 
of it is placed in the cavity at the end. of the . 
piston, which is put into the syringe, and driven 
forcibly home; and the heat evolved during the sudden 
compression of the air, is sufficient to kindle it. Of course 
the piston must be withdrawn quickly, otherwise the ama-. 
dou, though kindled, will be extinguished. _ “ae 
The evolution of heat during the condensation of gases, 
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is supposed to be owing to a diminution of capacity 
which the substance suffers, as it is well known that the 
nearer the particles of a body are brought to each other, 
the capacity in general becomes less. The disengage- 
ment of it by percussion is probably to be accounted for 
in the same way. When a body is repeatedly struck, its 
specific gravity is increased; there must therefore be a 
condensation, and as this is known to lessen the capa- 
city for caloric, part of it may therefore be disengaged. 
It must not be supposed, however, that all the heat that 
becomes sensible in these cases is owing to the conden- 
sation, for when flint is struck against steel, small sparks 
fly off. Here the caloric evolved by the condensation, 
has been sufficient to raise the temperature of the de- 
tached piece of steel, to that at which it will unite with 
part of the air, by which heat is also disengaged. Hence 
iron, when struck against flint in vacuo, does not produce 
sparks. : 
The evolution of caloric by friction, cannot be account- 
ed for in the same way. It is well known, that there is 
no condensation when soft bodies are rubbed, nor is there 
any action between them and the air, as heat is evolved 
in this way in vacuo, and even under water. Some have 
supposed that it depends on electricity. Thus, in an 
experiment of Pictet, in which hard substances were rub- 
bed together in a vacuum, a thermometer placed be- 
tween them indicated a rise of temperature; but when 
cotton was introduced so as to prevent the instrument 
from being broken, and when the fibres rubbed against 
the bulb of the thermometer, a much greater heat was 
excited than before. (Pictet sur le Feu.) 
~The most abundant source of heat, and that applied 
to the most useful purposes, is Chemical Action. By 
the mixture of different substances, a chemical ac- 
tion is induced, which is generally accompanied with a 
change of temperature, frequently with the evolution of 
caloric. ‘Thus, when oil of vitriol and water, in equal 
quantities, are mixed, a sufficient heat is excited to set 
fire to inflammable matter. If, for instance, some tow, 
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with a piece of phosphorus init, be wrapt round the glass; 
and the mixture be stirred, it is instantly kindled. © The 
same also happens when water is thrown on recently burn- 
ed lime ; they enter into union, and heat is disengaged. 
Numerous other instanees of a similar nature might be 
given, but this method of generating heat is not put to 
any particular use. ste 
From what has been already said, when treating of 
fluidity and evaporation, it is evident that the disengage- 
ment of heat in these instances is owing to the change of 
form, which one or both of the substances experience, 
and by which, according to Black, the latent caloric is 
set free, or, according to Irvine, there is a diminution of 
capacity ; so that the bodies require less when com- 
bined than when separate. In those instances in which 
there is no change of form, there is a condensation, as — 
happens to sulphuric acid and water, the mixture occu- 
pying less space than the ingredients; and hence, also, 
the cause of the disengagement of heat. le 
Dead animal and vegetable matter, under certain cir-. 
cumstances, undergo a change called putrefaetion, during — 
which heat is evolved, but this mode of producing it is 
resorted to only by farmers and gardeners. Horse dung, 
and oak-bark after being used by tanners, are the sub- 
stances generally employed. The former, when there is 
a large collection of it, will excite heat of about 140, 
which it continues to do for along time; and hence its use 
by gardeners in making hot-beds. Taanner’s bark is em- 
ployed also for the same purpose. er | 
By far the most important source of heat, is combustion. _ 
Before proceeding to treat of the generation of heat by 
it, it may be remarked, that it is occasioned by a chemi- 
cal action between an inflammable body and the air of 
the atmosphere; of course, a supply of the latter 1s_ 
absolutely necessary, and the more freely it is admit-_ 
ted, the more rapid is the combustion, hence many _ 
of the improvements which have lately been introduced 
for increasing the heat during this process. Till within 
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a short time, the only inflammables were solid or fluid, 
but of late an aeriform substance has been used, with 
which a most intense heat can be excited. The fluid com- 
bustibles in general use are, alcohol, oil, and tallow, for 
the latter, though solid at a natural temperature, is li- 
quefied before it is burned. It is of great consequence, 
in the combustion of these, that the heat be steady, and 
that there be no unnecessary waste of the materials; for 
this reason it is usual to burn them on a soft combusti- 
ble, as cotton, by which the fluid is drawn up, and gra- 
dually consumed. In the case of tallow, the heat given 
out by the burning of the cotton, and afterwards by its 
own cmeyil, melts it, and thus allows it to be burned 
in the same way as oil. The flame caused by the com- 
bustion proceeds from an inflammable gas given out, 
which unites with part of the air of the atmosphere ; 
where this is not in contact with it, it is of course not 
consumed, and hence the cause of smoke, which is mere- 
ly the carbon that exists in the gas, deposited from it 
in the state of a very fine powder. To prevent this, 
three different methods are adopted. Ist, 'T'o use a very 
small wick. 2d, To have a flat wick, as is commonly 
employed in kitchen lamps. 3d, To have the wick hollow, 
which is by far the greatest improvement that has been 
made. This was recommended by Bolton, but intro- 
duced by Arcanp, and hence lamps with it are called 
Argands. 

By using a hollow wick, there is a constant current 
of air through it, entering at A, by 
which the whole of the flame is 
brought in contact with it, and the 
inflammable matter is consumed, and 
smoke prevented. To increase the 
draught through the wick, it is ne- 
cessary, also, to surround it by a 
cylinder, B, by which the air is more 
freely supplied, and the combustion more complete. C 
is the part of the lamp for holding the oil, which is con- 
veyed by the tubes D and E to the wick in F. Though 
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this mode of consuming oil'is employed principally for 
affording light, yet it is a good method ‘of supplying 
heat, particularly to small vessels. In using it for*this 
purpose, the wick is surrounded by a copper cylinder, 
B. By placing’a cylinder A, over a com- = 
mon Jamp B, the flame becomes much 
steadier, and the smoke is in a great mea- . 
sure prevented ; so that this, also, forms a’ 
good’ mode of applying heat on a small 
scale. a 
It has been already said, that the re- 
newal of air is absolutely necessary for com- 
bustion, and the more freely it is admitted, the more 
rapid is the consumption of the combustible; hence the 
heat may be greatly increased by causing a blast through 
the flame. For this purpose, a blow-pipe, to be blown 
either by the mouth, or by bellows, is used. It is of 
very little consequence what form of pipe is adopted, 
though different kinds have been recommended by differ- 
ent people. Dr Black used one of a ce 
conical form, A, made of tinned iron, 
with a pipe coming from the side near _ Sale 
the base B, and terminating with a | 
very small aperture. C is the form of wpe 
the common glass blow-pipe, the ball D being intended” 
to condense the moisture in the air’ coming from the 
lungs. By causing air to pass through the flame, it 
is drawn to a fine point, at which a most intense heat is 
excited. In using the lungs as the means of procuring | 
the blast, when these are nearly exhausted of air, the 
mouth must be filled by distending the cheeks ; and by 
afterwards compressing these, the air is expelled through — 
the pipe, while it may at the same time be taken in through | 
the nostrils, so that a continued blast can be kept up for” 
along time. When the lungs cannot be used, recourse is 
had to double bellows. These are merely two bellows, Ao 
and B, joined, with an opening leading from one to th 
other, C, over which there is a valve, the same as in com- 
mon bellows, there being also a valve at the opening of © 
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the other, D. On the. upper one there is a weight E, 
and from it proceeds the pipe F. When the lower one 
is filled by moving the handle G, the air is thrown into 
the upper, from 
which it is con- 
stantly rushing 
through the pipe, 
being forced out z 
by the pressure of the weight, so that in this way an un- 
interrupted stream is kept up. These apparatus are 
much employed by glass-blowers, and they are also ex- 
tremely useful to chemists. Double bellows are much 
used also by blacksmiths and others, when an intense 
heat is required. _ 

_ The principle on which the blowpipe acts, is by bring- 
ing a constant supply of air to the inflammable matter, 
thus rendering the consumption more complete, and the 
consequent heat greater. Se Berzelius on the Blow-pipe, 
translated by Mr, Children. 

It will be afterwards shewn, that the air of the atmos- 
phere is a compound, containing two ingredients, only one 
of which supports combustion, so that if, instead of using 
air as the means of keeping up the blast, the purer part 
of it or oxigen gas be employed, the heat is much more in- 
tense. It will be afterwards shewn also, that instead of 
using oil as the inflammable, if the light aerial fluid hy- 
drogen be employed, a very high heat. may be excited, 
perhaps the most intense we have yet. been able to procure. 
See Hydrogen. 

The next class of combustibles is. the solids, which 
are wood, charcoal, peat or turf, and coal. In those 
countries in which wood abounds, it is the principal fuel. 
Its. combustion is lively, but it gives out a great deal of 
smoke and flame, which render it unfit for many opera- 
tions, so that it is confined chiefly to the heating of apart- 
ments, but it is employed also by some, as by bakers, in 
their ovens. When, however, it is converted to charcoal, 
these inconveniences are prevented, and it is then useful, 
as a means of generating heat, for many purposes. of 
the arts, being employed by dyers, confectioners, and 
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many others, and it is also much used by chemists. Peat, 
or dried turf, is likewise used as fuel, but chiefly in those 
places where the others cannot be obtained. Coal is by 
far the most useful of the inflammables, and is employ- 
ed in almost every operation where an intense heat is re- 
quired on a large scale. It is used in two states, either 
as procured from the mine, or in the form of coke, 
which is prepared merely by exposing it to heat, 
excluded from the air, by which it is ‘deprived of 
‘those substances that are the cause of the flame and 
smoke. Coal is burned principally in open fire-places, 
for heating apartments. Coke is employed when heat is 
required for carrying on different operations. oh | 
When fuel is burned in a grate, the heat that enters the 
apartment is that emitted by radiation; the whole of the 
warm air escaping up the vent, because that in contact 
with the fuel being heated, becomes lighter, and ascends. 
The more rays, then, that can be thrown into the room, 
so much the better. Rumford has therefore proposed, 
that the sides of the fire-place be made of some material 
which reflects the radiated heat, and that they be so si- 
tuated, as to throw off as many rays as possible; hence: 
they are now placed ina slanting direction, instead of 


being square with the back, as formerly, by which — 


there is not only less fuel consumed, but our apartments: 


are better warmed, and smoke is in a great measure pre-— 


vented, because, as the fire-place is narrower, there is a 
greater draught up the vent. 

Coal is sometimes also burned in a stove, for heating 
apartments. A stove is merely a grate, ben 
but confined on all sides, the air neces-— 
sary for combustion entering through 
the apertures below, A, in the ash-pit C, 
and the smoke passing up through a 
tube from the top, B. In this way of 
burning fuel, the supply of air is not 
great, consequently there is not much 
change of that in the room, which makes | 
it feel disagreeable to those not accustomed to it. 
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A particular modification of a 
stove, is well adapted for warm- 
ing large places, as churches and 
manufactories. It is merely a 
common stove, A, surrounded 
by an outer covering, B, at the 
distance of a few inches, with 
openings below C, to admit air. 
When the stove is kindled, and 
becomes hot, the air that enters through the outer part 
striking it, is instantly heated, and, becoming lighter, 
ascends, being forced up by the colder particles rushing 
in to supply its place, and may thus be conveyed by 
tubes, D, through the room, or even to the different 
apartments of a building, the tubes, till they reach the 
apartment, being made of a resplendent metal, as tinned 
iron, that they may give off little heat by radiation. — 
(See page 45.) 'The smoke is carried off by the vent E. 

Coke is burned in chauffers, or fur- 
naces. A chauffer is merely a cylindri- 
cal box of sheet iron, A, open above, and 
with a grating at the distance of about 
an inch from the bottom, B, for support- 
ing the fuel, the air for the combustion 
entering at apertures below. These are 
well adapted for applying heat to small 
vessels. By putting on a vent, C, it 
becomes very intense, and this is often 
used when we wish to apply a strong 
heat to substances placed amidst the fuel, 
as in crucibles. 

Furnaces are of different forms accord- Cc 
ing to the use to which they are applied, 
but in their general construction they 
are the same. A furnace consists of | 
three parts ; a body, A, witha grating El 
for holding the fuel, an ash-pit, B, in 
which the openings for the admission of 
air are generally placed, and a chimney, 
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C, for the escape of the smoke. There is also an open- 
ing in the upper part, D, into which a pot for holding 
sand can be placed, and by which heat is applied very 
equally when we wish to carry on distillation. There 
are also holes in the sides, E, E, through which tubes 
can be passed when we wish to subject gases to heat. 
Furnaces on a large scale are of the same general con- 
struction; a body for holding the fuel, an ash-pit, and a 
vent,—but different forms are used, according to the use 
to which they are applied. 

The combustion in furnaces, and the consequent heat, 
depend on the supply of air to the burning body ; the 
quicker its renewal, the more rapid its combustion, and, 
of course, the more intense the heat. The rapidity with 
which the air is made to enter, is jnevélsed in two ways, 
either by enlarging the openings for its admission, or by 
lengthening the chimney. When it is required that the 
heat should be very strong, the vent is carried to a great 
height, by which the air is made to enter rapidly, and the 
fuel is quickly consumed. ‘This is occasioned by the air 
in the vent being lighter than that without; it therefore’ 
rises to make way for its admission below. So long, then, 
as the air in the vent is enlarged, it is pressed up by 
the heavier colder particles. When, however, the chim- 
ney is so long that the air within and without are of the. 
same density, there is no farther increase of the rapidity 
with which it enters, though the vent is made higher. 
The longer, then, that the air can be kept warm, so much 
the better, because it is expanded, and lighter than that. 
without. Hence chimneys, even though short, are made 
of bad conducting materials, to allow the air in them to 
cool slowly,—in other words, to contract slowly. . 

In the construction of furnaces, it is of the utmost 
consequence that the heat be as much confined as_ 
possible. On a large scale, they are made of bricks, 
and sometimes lined with fire clay. Smaller furnaces, 
as those made of metal, are always lined with a mix- 
ture of clay and sand, or with charcoal and clay, and 
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afterwards with clay and.sand, F, F, to protect the char- 
coal from the fire, which not only confines the heat, but 
prevents the destruction of the furnace. (See preceding 


cut. ) 


Means.of Generating Cold. 


By the generation of cold, it must be kept in mind, is 
meant merely the abstraction of caloric. 

The methods inducing a reduction of temperature are, 
Rarefaction, Evaporation, and Chemical Action. 

When an aeriform body is suddenly rarefied by part of 
the pressure being reduced, cold is excited. If a delicate 
thermometer be placed in the receiver of an air pump, 
and the air be quickly withdrawn, it indicates cold; or 
if it be held in the stream of air as it rushes from an air- 
gun, into which it had been previously condensed, and 
by the escape from which it is rarefied, the temperature 
sinks. Perhaps the most remarkable instance of the re- 
duction of temperature by rarefaction is that mentioned 
to have taken place at Chemnitz in Hungary, where, to 
procure a blast for animating a furnace, air was compress- 
ed by a column of water of 260 feet. On opening the 
stop-cock, the air thus condensed rushed ou¢ with immense 
force, and the watery vapour existing in it was deposited 
in the form of icicles around the nozle of the pipe. 

The production of cold by rarefaction is to be account- 
ed for in the same way as the generation of heat by con- 
densation ; the rarefied air absorbing caloric, which be- 
comes latent, or having its capacity enlarged, by which 
it acquires an additional quantity of heat. 

It has been already Sully explained, when treating of 
evaporation, that when a fluid is converted into vapour, it 
absorbs caloric.—( See page 77.) If this be not supplied, 
a must take it from itself, or from any body brought in 
contact with it, and hence generates cold. When, for in- 
stance, the hands are wetted, and exposed to the air, they 
feel cold, because the water, during its evaporation, 
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absorbs heat from them. That cold is generated by this 
process, is proved also by covering the ball of an air ther- 
mometer with muslin, and pouring a little alcohol or 
ether onit ; the fluid in the stem instantly rises, owing to 
the contraction of the air in the ball, and thus indicating 
cold. If the bulb of a common thermometer, after being 
covered with muslin, be dipt in ether, and whirled in the 
air, its temperature falls considerably. 

It has been already proved, that as the pressure on a 
fluid is diminished, it evaporates more easily than when 
exposed to the air, and hence a method of increasing the 
rapidity of the evaporation, and consequent reduction of 
temperature. By placing water under the receiver of an 
air-pump, and exhausting, the fluid evaporates, but the va- 
pour formed itself exerts a pressure on the water; so 


that, unless we keep constantly working the pump, 
the evaporation ceases. There is an easy method, how-— 


ever, of keeping up the vacuum, without working the 


he 


om 


pump, which is, to place a vessel with oil of vitriol — 


under the receiver, which, owing to its powerful attrac- 
tion for water, condenses the vapour as it comes off. 
We are indebted to Professor Leslie for this method of 


generating cold. He places on the plate of the bi : 


A, a basin with oil of vitriol, 
B, and over this a small un- 
glazed earthen-ware dish, C, 
with water, resting on a stand. 
The receiver, D, is then put on, 
and exhausted. The water 
being under less pressure than ° 
before, evaporates, and the va- 


pour is quickly condensed by the acid, so tie hie vacuum 


is kept up, the evaporation continues, and the Mee 
during its formation, absorbs caloric from the water, re- 
duces its temperature, and actually makes it freeze. 
Though the water is covered with a layer of ice, still 


the evaporation and absorption of heat continue, for the a 
ice itself is changed to vapour ; indeed, if we keep it 


long enough under the receiver, the whole ‘of’ it 


‘my 
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frozen, and afterwards disappears, being converted to 
vapour, and condensed by the acid. In this experiment 
an unglazed dish is used for holding the water, because, 
being porous, it allows the fluid to evaporate, not only 
from the surface, but also through the sides ; hence the 
ice is first formed on the surface, and on that part in con- 
tact with the vessel. 

Instead of sulphuric acid, other substances may be 
used. Oat-meal, well dried, and many other bodies in 
the state of powder, have a similar, but not so powerful 
an effects 

The generation of cold under diminished pressure may 
be shewn also, by placing a small tube with water into a 
glass of ether, putting it under the receiver, and exhaust- 
ing. As the air is withdrawn, the ether begins to pass 
off in vapour, and reduces the temperature of the water, 
80 as to cause it to freeze, affording the singular appear- 
ance of two fluids in the same jar, one of which is boil- 
ing, and the other freezing. 

Another very beautiful illustration of the production of 
cold during evaporation, has been given by Dr Wollas- 
ton. ‘I'he instrument employed is called a Creophyrus, 
(xgv0s, cold, and gegw, to bear.) It isa tube, forming three 
sides of an oblong, with a ball.at each end. In making 
it, water is put into both balls, and boiled for some time, 
by which the whole of the air in the instrument is expel- 
led, and when in this state, it is sealed by a blow-pipe, 
so that, when cooled, the fluid is under a diminished 
pressure ; but it must not be supposed that the pressure 
is entine removed, for there is still the vapour given off 
from the water. If the whole of the water be put into one 
ball, A, and the other, B, be surrounded by a freezing 


| mixture, C, the vapour in it is condensed, the water. D, 
Inthe other, is thus entirely relieved of pressure, and 
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begins to pass off quickly in vapour, which, as it flows 
into the opposite ball, is condensed. The vacuum is 
thus kept. up, the evaporation continues, and during the 
formation of the vapour, it absorbs caloric from the wa- 
ter, so as to cause it to freeze. 

If the creophyrus contain ether, and the ball, A, be 
put into a basin of water, B, being surrounded by the 
cold mixture, as the ether is drawn off in vapeur, the 
fluid in the basin begins to freeze, and in the course of a 
short time, A is covered with a thick layer of ice. All 
of these experiments are farther proofs of the general 
law, established by Dr Black, that as fluids pass into va- 
pour, they absorb caloric, and the absorption must be 
very great, because there is not only the reduction of tem- 
perature to the point of congelation, there is also the ab- 
straction of the latent heat of the fluid which is frozen. 

The last method of generating cold, 2s chemical action, 
chiefly when a solid is dissolved in a fluid, or when two solids 


> sal i on 


act on each other, and become liquid. 'The absorption of | 


caloric during liquefaction has been already fully illus- 
trated, (p. 59.) If, then, we can, by any means, cause 
a solid to become liquid, without the addition of heat, 
we diminish its temperature, and consequently that . if 
any body brought in contact with it. ee we 

Many of the salts, during solution in wat have 
their temperature reduced. Thus, nitre falls 1%, , and 
sal ammoniac no less than 28 degrees. By mixing these 
in equal proportions, and dissolving them, using five 
ounces of the mixture to eight of water, a much greater 
cold may be produced. That cold is generated, is easily 
shewn by a thermometer, or by putting into the mixture 
a tube with water, which is soon frozen. In this case, 
there is no waste of materials, because the salts can be 
procured by evaporation, and will answer again for the 
same purpose. 

By dissolving a salt in an acid, by which the solution 
is more quickly accomplished, the cold becomes more in- 
tense. Perhaps the most convenient mixture of this kind 


.: 
is Glauber salts, and oil of vitriol. previously diluted 


with its own volume of water, and allowed to cool. 


| 
| 
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| 
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When the salt is put into this, using equal weights, 
it is quickly dissolved, and the temperature falls. 

By the action of two solids, the product being fluid, 
the cold becomes still more intense. ‘Thus, when ice is 
mixed with sea salt, both are liquefied; and during 
their liquefaction, they absorb caloric, and of course ge- 
nerate cold. In this instance, the temperature sinks to 
—4. It is the mixture always employed by confectioners 
in preparing ice creams; the proportions being about two 
of the former to one of the latter ; and here also there is no 
waste, for by boiling the water is driven off, and the 
salt is procured, and will answer for the same purpose as 
before. This is also the mixture employed by Fahrenheit, 
in his experiments, made with a view of producing what 
he conceived to be the degree of absolute cold, or that at 
which there is no heat, and from which he commenced 
the scale of his thermometer. In this he committed a 
mistake, not only with respect to the temperature, for it 
is not 0, but —4, but he erred also in his idea of its 
being absolute cold. It has been already stated, that 
lower degrees have been produced by other means. An- 
other salt, which acts very powerfully, is muriate of lime, 
which, when mixed with snow, produces a great reduc- 
tion of temperature. 

By these different means cold is produced ; and by cool- 
ing the articles previous to their being mixed, the reduc- 
tion of temperature becomes still greater. By mixing 
snow and sulphuric acid, diluted with half its weight of 
water, both being cooled by being placed in a cold mix- 
ture, a cold of —91 was obtained by Mr Walker of Ox- 
ford: +: SP: 

In all these instances, the generation of cold is to be 
ascribed to the change in form, one or both of the sub- 
stances becoming fluid, and, according to Black, taking 
in latent caloric; or, according to Irvine, having, by 
the chemical action, their capacities suddenly increased, 
by which the heat in them is no longer able to keep them 
at the same temperature; consequently, they take it 
from any body brought in contact with them. — 

: a) 
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Those bodies which act most rapidly on each other, and 
thus quickly become fluid, and at the same time absorb the 
greatest quantity of caloric, have most effect in generating 
cold. Thus, one which is but slowly dissolved in water 
causes little reduction of temperature, while those which 
dissolve quickly produce a more intense cold. When 
two solids become fluid, the absorption of caloric is 
greater, and the temperature sinks still farther. But 
besides this, it is necessary also that the product remain 
liquid, at a low temperature ; otherwise the action, and 
the consequent reduction of temperature, cease. Thus, 
by muriate of lime and snow, a cold of —50 can be pro- 
duced, while by mixing sulphuric acid and snow, the 
temperature falls only to —25. Inthe former, the re- 
duction cannot be made to go beyond that stated, be- 
cause when it has come to this the solution congeals, 
and the substances cease to act on each other. In 
latter, however, the product remains liquid at av 
low temperature ; consequently, if they be cooled 
fore they are mixed, the cold becomes much more 
tense. Hence has arisen a method of increasing 
cold by the previous cooling of the substances, by 
ting them into other freezing mixtures. This, he 
has also its limits, for if we cool them. below the ten 


Thus; when two bodies act, and become fluid, there may. | 
be a condensation, owing to the fluids uniting, and by 
which heat is disengaged; but, at the same time, ite 
ing the liquefaction, caloric must be absorbed : ne | 
if cold is the consequence, it is because the heat gi 
out by the condensation, is not equal to that absorbe 
by the liquefaction, as is well illustrated by sulphuric | 
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acid and snow. It has been already said, that this acid 
and water uniting, give out heat, owing to condensa- 
tion; when the acid is poured on snow, the latter is 
liquefied ; and, of course, there is an absorption, so 
that by using different proportions, we may have ei- 
ther a rise or fall of temperature. Thus, if 4 of acid 
be poured on one of ice, heat is produced, because, 
though the ice, during melting, absorbs caloric, yet the 
water and acid uniting, give out during their union, 
and consequent condensation, much more than is neces- 
sary for this.—On the contrary, if 1 of acid and 4 of ice 
be used, we have a freezing mixture, because more 
caloric is taken in than is given out, the quantity of ice 
being great. 

aa We have an easy means, however, of obviating this 
counteracting power, which is, merely to unite the sub- 
stance with a little of that with which it is to cause the 
condensation. Hence, in the instances already mention- 
ed, in which sulphuric acid is employed, it is diluted with 


necessary to dilute the acid before putting the salt into it, 
to prevent it uniting with the water, which always exists 
in the salt, and thus giving out heat. 

The instances in which we have recourse to a reduc- 
tion of temperature, are by no means so numerous as 
those in which heat is applied. In warm climates, evapo- 
ration is often resorted to for cooling apartments, for 
which purpose water is sprinkled on branches, and leaves 
of plants suspended in the room, during the evapora- 
tion of which the air is kept agreeably cool. Ice is also 
procured, by the cold generated during this process. 
When the evening is calm, and the sky clear, small un- 

lazed earthen dishes, with watcr, are placed on straw and 
reeds, laid in shallow pits, and the evaporation generates 
cold sufficient to formice. It must be recollected, however, 
that in this case, a great deal of the cold is due to radia- 
tion; because the sky being clear, the water and reeds 
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are radiating caloric, and as there is no return to com- 
pensate for the loss, the temperature falls, (see page 47.) 
We have often recourse to evaporation for keeping 
bodies cold, as in carrying on distillation. For this 
purpose, the vessel into which the vapour flows is cover- 
ed with muslin or paper, and kept wet by a stream of 
water, which is constantly evaporating, and thus cooling 
the vapour within, (see page 67.) For Table of my 
ing Mixtures, see Appendix. 
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SECTION II. 


LIGHT. 


ys to Mechanical Philosophy than to Chemistry. A 
account of it is, however, necessary, to enable us 
race the connexion between it and heat, and to under- 
ind the nature of the chemical changes it induces. 
ght, like caloric, is an agent which we cannot pro- 
ure in its separate state; we know, however, that it 
entele: into union with substances, and that it is set free 
when these form new combinations, so that, in treating 
of it, we can only point out its effects, and the circum- 
stances attending its absorption and evolution. ‘ 
Light moves in straight lines with immense velocity. 
According to observation, it travels at the rate of 
200,000 miles in a second, coming from the sun to the 
earth, a distance of about €3@0@,000,000 of miles, in 


81 minutes. ‘Though it moves with this velocity, it has. 


no sensible momentum; the most delicate instruments 
do not indicate the slightest impulse given by it to the 
objects on which it strikes. 

_ The space through which light moves is called a me- 
diwm. Air, and other aeriform substances, are termed 
rare, while water, and transparent liquids and solids, 
are called dense media. 
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When light strikes a 
polished opake body, itis | 
reflected, and at the same 
angle at which it falls on 
the polished object. Thus 
let A B, be a plate of A D 
metal, and C D, a ray of light; the moment it touches 
the plate, it is thrown off in the direction of D E. ‘The 
angle C D B, or that at which it strikes the plate, is called 
the angle of incidence; FE. D A, is the angle of reflection ; — 
hence the angle of incidence is always equal to the angle 
of reflection. 

If the plate be not flat, the reflected rays are either dis- 
persed or concentrated. Thus, if they strike a conver 
metallic mirror, A B, after reflection, they occupy more 
space shal before; on the be a if the mirror | 


If the rays pass through the body, they are also either _ 
dispersed or concentrated, according to the surface; but — 
the law followed is the reverse. If the body, suppose 
glass, be concave on both sides, F G, they are dispersed, — 
VX Y Z; but if convex, I K, they are collected into a 
sgh Lxipe . . oe 
oe > ; I 


t % K 4 7 ‘i 
When light passes from one medium to another, unless _ 
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it be perpendicular to the surface, it is turned from the 
straight line. Thus, if a stick be thrust into water, it 
appears crooked at the surface of the latter, because the 
rays passing from it through the water, to the air, are bent; 
and as this takes place the moment they leave the fluid, 
it is here that the bending of the stick appears.—This 
is called refraction. When a ray passes from a dense to 
a rare medium, it is turned from the per- E] ¢ 
pendicular. Thus, let A B represent a ray i 
coming up through water, E F being the / 
perpendicular ; when it leaves it, it does not. —->~4;7—— 
proceed in the same direction as before, B C, 
it goes on towards D; it is therefore turn- 
_ed from the perpendicular. When, on the 
contrat y, aray passes from a rare toa dense 
dium, it is bent towards the perpendicular. 
Thus, as before, let A B represent a ray 
assing through air into water, E F being 
erpendicular; having got into it, it 
$ not go on in the same direction, BC, “tH i¢ 
proceeds to D ; it is therefore turned towards the per- 
dicular. That light, in passing from a dense to a 
rare medium, is turned from the perpendicular, is proved 
_ by a very simple experiment. E.R 
4et a person place a piece of oe 
money, A, at the bottom of a 
basin, B, and retire till he just 
loses sight of it,—that is, till 
the rays A E, coming from it 7 
over the edge of the basin, reach A fin 
above his eye; let another then pour in water, and the 
money is seen distinctly, the ray, E, must therefore strike 
lower than before; hence, as it leaves the fluid, instead 
of going on towards E, it proceeds to G, so that it en- 
ters the eye, and the money is seen. 

In general, the refraction is in proportion to the dif- 
ference between the densities of the media, but this is not 
always the case. When a substance contains an-in- 
Jlammable ingredient, it is greater than is proportionate 
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to the difference of the density. It was the knowledge 
of this that made Newton conjecture that it would one 
day be discovered, that water and diamond contain in- 
flammable matter ; the correctness of which has been now 
proved. The power of gases to refract light has been 
pointed out by Biot and Arrago; and in their experiments 
they haye also found, that the inflammable gases have 
the greatest effect; thus, taking the refracting power of 
air as 10,000, that of hydrogen gas is 66,143. 

Newton has supposed that these different properties 
of light depend on an attraction between it and the me- 
dia through which it passes, and between it and the body 
which it strikes or approaches. It passes freely through 
some objects, as glass and water, which are called 
transparent ; but on the contrary, it is absorbed by . 
others, as metals, which are termed opake. He su De 
posed, also, that transparency and opacity are o 23 
to the arrangement of the particles. Thus, in 
parent ones they are supposed to be of the same 
sity, and uniformly arranged ; hence, when a ray 
one of these, it is attracted equally on all sides, co 
quently not altered in its direction, but passes. thro 
without obstruction. In opake objects, the particles, he 
supposed, are either not of equal density, or not unite 
arranged ; a ray therefore entering, is constantly altered. 
in its direction, and does not go through it. _ 

Light possesses the property of entering bodies, and 
- combining with them, from which it is again extricated, 
by keeping them in the dark. The substances with 
which it unites are called phosphori, and the emission of 
it is termed phosphorescence. The shells of marine ani- 
mals, bones of land animals, some of the gems, and other 
combinations of the earths, have this property. Thus, 
in an experiment in which diamond was exposed to sun- 
shine, and instantly covered with black wax, when taken 
into the dark, and the wax removed, it was found to give — 
out light for several months. Phosphori may also be a 
prepared artificially; perhaps the most powerful of | 
which is Canton’s Phosphorus, obtained by exposing oyster 
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shells to heat, and then placing them into acrucible with 
sulphur, and again heating them. If the product, when 
cold, be put into a bottle, well stoppered, and exposed 
to sunshine for a few minutes, it will give out, when 
taken into a dark room, sufficient light to shew the hours 
on the dial-plate of a watch; and when the phosphores- 
cence has ceased, it may be renewed at pleasure, merely 
by exposure to sunshine. 

‘Temperature has considerable oe on phospho- 
rescence. Heat increases it, while cold in general destroys 
it; and after it has ceased, it may be renewed by the ap- 
plication of heat, and many do not act in this way till it 
is applied. 


Phosphorescence is altogether independent of the air, 


as it takes place even when the body is excluded from it ; 


_ indeed a substance retains this property in proportion as 


the atmosphere is prevented from acting on it ; from which 
| i evident, that it is not, as some have supposed, owing 

to combustion. It seems to be occasioned merely by 
extrication of that light, which the objects had ab- 


_ The absorption of light depends on the nature, parti- 
cularly the colour, of the surface. The experiments of 
Franklin and of Davy, in which pieces of cloth, and of 
metal of different colours, were exposed to sunshine, have 
been already noticed, (page 84). From these it has been 
shown, that the darker the object the more is the absorb- 
ing power, and it is to this that some have ascribed the 
effect of surface in absorbing radiant heat; the light so 
easily taken in by black bodies, carrying along with it 
the calorific rays with which it is always mixed. 

Sir Isaac Newton first made the discovery, that 
light coming from the sun is not simple, but com- 
posed of different rays, possessing various powers of 
refraction, as is proved by causing one to pass through 
a triangular piece of glass called a prism. For this, 
having darkened a room, a small hole is: made in the 
shutter, and the prism, P, placed near it. If the ray, 
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A, when it passes through it, be made to fall on a sheet 
of white paper, a spectrum, H C, is produced, composed 
of seven distinct colours, red, orange, yellow, green, blue, 
indigo, violet. This separation of the rays is produced by 


~- 
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the difference in their refrangibility. Thus, the red is 
least refracted; it is therefore least bent from the straight — 
line, and is consequently lowest in the spectrum; the others: 4 
are situated in the order of their powers of refraction; _ 
the violet being most so, is at the top. That lightiig’ | 
composed of these different rays, is also proved by taking \ 
a quantity of the colours, in due proportion, and mixing 
them, by which white is produced ; or if the rays, instead 

of being thrown on paper, so as to form a spectrum, be 
made, after separation, to pass through a lens, they are 
collected into a focus, and white light is produced. 

Any number of refractions or reflections, does not 
alter the permanency of these rays. ‘Thus, if any one 
of them be made to pass through another prism, it 
still continues of the same colour. ‘ is 

Herschell has shown (Phil. Trans. 1800,) that the rays 
of which the spectrum is composed, have different powers 
of illumination. Thus, if a small object is placed at ei- 
ther end, it is seen indistinctly, but if brought towards 
the centre, it becomes much more distinct, the greatest 
illuminating power being between the bright yellow and — 
the pale green. . 

These rays. have also different relations with respect. 
to bodies. It has been already said, that light passes 
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through transparent, but is retained by opake bodies. 
Several retain some of the prismatic rays, while they 
transmit or reflect others, and on this depends their ap- 
pearance and colour. One which transmits all the rays 
is colourless, while one which absorbs them is black. 
When a body retains all the rays but one, which it either 
transmits or reflects, it is of the colour of the reflected 
or transmitted ray. ‘Thus, red glass transmits all the 
rays but the red one; blue cloth absorbs all but the blue 
one, which it reflects. 

The sun’s rays are the principal source, not only of 
light, but also of heat to this globe. It has been already 
mentioned, that when light strikes a polished body, it is 
reflected, or a transparent one, it is transmitted; and if 
the former be concave, or the latter convex on both sides, 
the reflected or transmitted rays are collected into a fo- 
cus; at this point an intense heat is excited, provided 
the mirror or lens be of sufficient size. 

The rays of which the spectrum is composed, possess 

very different heating powers, as has been proved by the 
experiments of Herschell.—He found, that when the bulb 
of a delicate thermometer was exposed to the violet ray 

for 10 minutes, it rose only 2 degrees, in the green in 
the same time 34, but in the red '7. It was found, how- 
ever, that when the instrument was placed beyond the red 
ray at H, it actually rose higher than when in it; it was 
affected even at the distance of 14 inch from the end of 
the spectrum. When placed beyond the violet ray at C, 
it was not changed. 

These experiments, afterwards confirmed by those of 
Sir H. Englefield, prove, that solar light is composed 
not only of a luminous, but also of a heating ray, and 
which has been found to be quite distinct from the for- 
mer, possessing laws peculiar to itself ; thus, they are less 
refrangible, hence they are placed beneath them in the 
spectrum. ‘They can be reflected or transmitted, and col- 
lected into a focus, like the others, and hence the source 
of the heat produced by a lens, when the solar rays are 
allowed to pass through it, or by a metallic concave mir- 
ror, when they are reflected and concentrated. It has 
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been mentioned, that the different coloured rays of the 
spectrum have different heating powers ; this, it has been 
found, depends on an admixture of the heating rays. 
Thus, the red, which is nearest the latter, has the great- 
est, and the violet, which is at the greatest distance, has 
the least effect on a thermometer; the effect gradually 
diminishing, as we proceed from one end to the other. 
The rays of the sun, besides imparting heat and light, 
also effect very powerful chemical changes, a familiar in- 
stance of which is, the blackening of indelible or marking 
ink, the traces of which are at first invisible, but soon be- 
come black on exposure to sunshine, or even to day-light. 
The prismatic rays have different powers in inducing 
these changes. When, for instance, a spectrum is produc- 
ed, and a line is drawn with the ink, in the different rays, 
and exposed to sunshine, that in the violet ray is soonest 
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blackened. sit 


The discovery of a heating ray beyond the lurninotis 
ones in the spectrum, naturally suggested the idea of the 


chemical effects being produced in a similar manners — 


This first occurred to Ritter, who placed a compound of 
silver, (the white chlorid,) beyond the violet ray in the 
spectrum, and he found not only that it was blackened, 
but that it became sooner so than when in the violet ray 
itself. When put beyond the red one, no change took 
place. Hence he concluded, that the solar ray likewise 
contains one which produces chemical changes quite dis- 
tinct from those that are luminous and calorific.—'These 
experiments, and consequently the conclusions drawn 
from them, have been confirmed by Wollaston, who found 
that chemical actions are produced by rays quite inde- 
pendent of the colorific and calorific. 

It has been already mentioned, that the different. pris- 
matic rays have different powers in effecting chemical 
changes. ‘This, it has also been proved by experiment, de- 
pends on an admixture of the chemical. Ritter asserts, that 
he succeeded in producing a spectrum of the light-giv- 
ing rays, which had no power whatever in blackening the 
chlorid of silver, which he accomplished by causing 
them to pass through a series of prisms, by which, owing 
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to the difference in their refrangibility, they were sepa- 
rated. 

Such is the idea in general entertained piers the 
constitution of solar light,—that it is composed of three 
distinct rays, each having its own properties,—the light- 
giving, or luminous ; ue, heat-causing, or calorific ; and 
the chemically-acting ray,—which may be separated en- 
tirely from each other. 

Experiments have also been lately performed, which 
confirm the opinion sometime ago advanced, that light 
possesses the power of magnetizing needles. Morichini 
first asserted, that when a piece of iron was kept in the 
violet ray, it became slightly magnetic, but others were 
inclined to suppose that the effect might be owing to other 
causes than that to which it was ascribed. Mrs Sommer- 
ville has however proved, by a numerous set of experi- 
ments, an account of which has been read before the 
Royal Society, that Morichini was correct. She has 
found, that by exposing sewing needles to the violet ray 
for about two hours, they become magnetic, and by con- 
centrating the rays by a lens, the effect was more quickly 
produced. The indigo ray has likewise the same power, 
and so has also the blue and green, though to a less ex- 
tent; but the yellow, orange, and red, seem to want it. 
A similar effect was produced on needles by exposing 
them tothe solar rays, concentrated by lenses of the colour - 
of those which in the previous trials were found to possess 
the magnetizing power. 

Philosophers are by no means agreed with respect to 
the relation which light and heat bear to one another. 
Some suppose that they are two distinct agents, occasion- 
ally found together, but not at all connected. Others, 
on the contrary, imagine, that they are but modifications 
of the same power, and that the one may be converted to 
the other. Those who espouse the former opinion, found 
the truth of it on the fact, that the properties of light 
are quite different from those of heat; while, on the 
other hand, light being the source of heat, and bodies 
emitting light, when strongly heated, and the frequent 
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disengagements of these agents together, has given rise 


to the latter. Perhaps the strongest argument in favour 
of the former, is the total absence of any heating power 
in the rays of light, when separated from those of heat. 
Besides, the effects produced by these agents are quite 
different. On the other hand, however, it must be ad- 
mitted, that there are experiments which seem strong in 
favour of the latter. Delaroche found (An. of Phil. 1. 
100.) that the heat radiated from a warm object, passes 
through glass with great difficulty when the temperature 
is low, but as it is raised it penetrates more easily ; the 
facility with which it passes increasing with the tempera- 
ture. From this, some have supposed that heat may be 
converted into light, as it is well known that the rays of 
the latter pass through glass without interruption. 


The influence of light over the objects of nature is very 


great. By its rays entering the eye, vision is produced. 


The effects on the vegetable world are not less striking. - 


Plants always extend their branches to the light, and 


many of them follow the course of the sun. When com- — 


pletely excluded from its influence, they become feeble, 
insipid, and colourless; but, when again exposed to it, 
they regain their strength, and assume their former ap- 
pearance. On this depends the operation of blanching, 
which is merely excluding the plant, suppose celery, 
from light, by covering it with earth, by which its colour 


is banished, and its flavour altered.—The effects of light — 


on inanimate objects are numerous. One of these has 
been mentioned,—the blackening of marking ink, which 
is owing to the decomposition of the salt of silver it con- 


tains. Changes of a similar nature are produced on other — 


bodies, which will be afterwards mentioned. 


ELECTRICITY AND GALVANISM. 1148 


Following the order in which the different subjects to 
be treated of have been enumerated, we ought next to 
consider Electricity and Galvanism; but to enable the 
reader to understand these, it is necessary that he be 
acquainted with the composition and qualities of the 
substances subjected to their influence, and which it 
must be supposed he has not yet acquired. It has been 
thought proper, therefore, to defer the consideration of 
them, till the properties of inorganic bodies have been 
described. Should he wish, and it may perhaps be 
proper that he ought, to have a general knowledge of 
them before he proceeds farther, the article on Elec- 
tricity, and that on Galvanism, so far as the, discussion 
of its chemical changes, may be cursorily glanced over, 
and by which he will be enabled to know how they are 
applied as chemical agents, 
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SECTION III. 


ATTRACTION. 


Tus objects of the material system are constantly 
under the influence of a power, by which they are drawn 
towards one another, and indeed, would actually come 
into contact, were they not prevented by the operation of 
other agents. Thus the heavenly bodies are retained in 
their situations, and regulated in their movements, and 
objects of inferior notice are made to approach the earth. 
This power, to which the name of Arrracrion has 
been given, acts not only on the mass, but also on the 
parts of which bodies are composed. 

It is universally allowed, that matter is made up of 
particles, or atoms, as they are called, and which are 
inconceivably minute. Thus, in reducing a piece of 
marble to powder, each part still continues a piece of 
marble, having the characteristic features of the mass 
itself; but this division is far short of what we are able 
to accomplish by other means. Thus, if a grain of — 
green vitriol be dissolved in 100,000 of water, by the 
application of a proper test, as prussiate of potash, it can 
easily be detected, and shewn to exist mm solution in every | 
drop. Buta drop of water can be divided into smaller 
portions, so that if we suppose it divisible into 100 parts, | 
the grain of salt must have been composed of at leas 
10,000,000 of particles. 

The particles of matter have been divided into Jn- | 
tegrant and Elementary. The former are those into— 
which a body can be divided, and which have the same 
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properties as the body itself. Thus, in the experiments 
mentioned, the marble and the salt of iron were separated 
into integrant parts. Of course, in all simple substances 
the atoms are integrant, but simples often unite to form 
compounds, so that the particles, into which these can be 
reduced, can be made to undergo a still farther separa- 
tion into their elementary parts. Thus, if water, which 
contains two ingredients, be passed over red hot iron, 
one of them unites with the metal, and the other is libe- 
rated in the form of gas, so that its integrant are thus 
separated into elementary particles. In simples, it has 
been already said, that the atoms are all integrant; in 
compounds, on the contrary, they are both integrant 
and elementary. 

In considering Attraction, it must be viewed as acting 
either on the mass, or on the atoms; and in the latter case 
also, whether these are elementary or integrant, be- 
cause the results vary according as bodies are simple or 
compound. When it operates on the mass, it exerts its 
influence at sensible and often immense distances ; where- 
as when the particles are acted on, it is necessary that 
the objects be in apparent contact. This has given’ rise 
to the division of attraction into the remote and CONLLSUOUS, 
the former consisting of those of gravitation, electricity, 
and magnetism; the latter of cohesion, adhesion, and 
affinity, or chemical attraction. 

By gravitation is meant that power, by which the ob- 
jects of the universe are drawn towards each other; the 
bodies of the planetary system being by it regulated in 
their movements. Newton ascertained that the force of 
this increases directly with the quantity of matter, and 
decreases as the squares of the distance. The magnetic 
and electric attractions are illustrated, the former by a 
loadstone drawing to it a piece of iron, the latter by 
amber, when rubbed, attracting light objects. These also 
act on the mass, and at sensible distances. 

The contiguous attractions operate on the atoms, and 
vhen they are apparently in contact; the cohesive causing 
those of the same kind of matter to unite, and form an 
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object, the characteristic features of which are the same — 
as those of the particles themselves; the adhesive uniting 
the atoms of different bodies, but without altering their 
properties; whereas the chemical, in effecting a union, 
is accompanied with a change of qualities. Of the int1- 
mate nature of these attractions we are completely igno- 
rant. Some have supposed that they depend on the 
same cause, but modified by. external circumstances, and 
thus producing their diversified operations ; while others 
imagine they are altogether different, and when we con- 
‘sider what opposite effects are produced by their opera- 
tion, we are almost naturally led to adopt this opinion. 
The illustration of the phenomena occasioned by the 
remote attractions, is the province of mechanical philo- 
sophy. ‘To the chemist belongs the consideration of the 
other class, which, we shall find, presents a wide and an 
interesting field of inquiry. In treating of contiguous 
attractions, we have first to consider the cohesive, then 
the adhesive, and lastly, the chemical, or affinity. 


CoHESIVE ATTRACTION. 


Cohesive attraction is that power which causes the 
particles of the same body to approach and unite; and 
when united, it retains them in that state. Thus, if two 
globules of quicksilver on a smooth table be brought | 
near each other, they run together, and the particles thus 
joined, will remain so unless separated by some foreign 
power. ay 

Cohesive attraction exerts different forces in bodies, and 
even in the same body at different times. It is strongest — 
in solids; thus, in attempting to break a bar of iron, all 
our efforts are unavailing, the particles are kept together 
so powerfully by cohesion. In fluids it is not so great; 
the slightest force is able to separate them, and little or 
no resistance is offered to their assuming new arrange- 
ments. ‘That there is a cohesion, however, among the 
particles of bodies in this state, is evident from the glo- 
bular form of a drop of any fluid. If, for instance, a glass 
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rod be dipt into water, on removing it, the water adhering 
to it assumes a globular form, the particles being kept to- 
gether by cohesion. In aeriform substances, on the con- 
trary, this power is entirely overcome; so that there is 
no cohesion among their particles, which, instead of at- 
tracting, repel each other. They are made to approach 
by pressure, and as it is removed, they again recede. 

Cohesive attraction is also different in the same body 
at different times, which is occasioned by the powers that 
tend to weaken it, as caloric and chemical attraction. 
When a solid is heated it is enlarged, by which the 
cohesion is so far overcome; but if we still continue the 
addition, it becomes fluid, the cohesion being still far- 
ther weakened ; indeed so much so, that the particles 
move freely on each other, and present little or no resis- 
tance to their separation. By continuing the applica- 
tion of the heat, the cohesion is completely destroyed, 
and the body then assumes the aeriform state. Cohesion 
is also overcome by chemical attraction, as is well illus- 
trated in instances of solution, and also in the action of 
acid on metals. Thus, if a piece of zinc, between the 
particles of which the cohesion is very powerful, be put 
into diluted oil of vitriol, it is soon dissolved. 

When caloric and chemical attraction operate at the 
same time, cohesion is more easily overcome, and in many 
cases it is necessary to call in the aid of both before it 
can be completely destroyed. 

When the powers which have overcome cohesion are with- 
drawn, it again begins to operate, and the substance as- 
sumes its original form. Thus many aeriform fluids, by 
depriving them of part of their caloric, become liquid, 
and liquids, by a still farther reduction of temperature, 
are congealed, By withdrawing also the chemical 
attraction which had overcome the cohesion, the sub- 
stance becomes fluid or solid. Thus many bodies, when 
held in solution by water or acid, may be separated by 
chemical attraction. If, for Instance, a piece of zinc be 
put into a solution of sugar of lead, and in which the 
metal is held dissolyed by the acid of vinegar, lead is de. 
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posited in its metallic state. When cohesion operates: 
after the removal of those causes, the particles unite 
sometimes indiscriminately, and form irregular masses 5 


at other times, in assuming their original state, they ar- 
range ‘themselves in a particular manner, and objects of 


a regular shape’ are produced. When it is powerful and ; 


operates suddenly, the body assumes an irregular form ; 
but if the causes which have overcome it be gradually 
withdrawn, the particles arrange themselves in a parti- 
cular way, and regularly shaped masses, having plain sur- 
faces, and angles peculiar to themselves, are formed. The 


substances procured in this way are called crystals, and 


the process is termed crystallization. A short account of 
the different circumstances connected. with it is necessary. 


Crystallization may be produced in two ways ; either by — 
the consolidation of a body made fluid by heat, or by the 
diminution of the solvent power of a liquid which has dis- 


solved a solid. When a substance has been fused, and is 


allowed to cool slowly, and without being disturbed, crys- 2 
tals may be formed. To secure the success of the pro- , 
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cess, the vessel ought to be surrounded by a bad con- 


ductor, as sand, fine ashes, or saw-dust, and after the 


sides and upper part have congealed, a hole must be » 


made in the surface, and the di donealtngem matter poured 


out, by which the inside will be found to present a beau-_ 


tiful congeries of well-formed crystals. In this” way, 


those of sulphur may be easily procured. 
The second method of producing crystallization, viz. 


solution, is by far the most common; the crystals are | 


much larger, and better formed than those obtained by ; 


the other process. ‘The solvent most commonly employ-. 
ed is water. Crystallization by solution is conducted i in 


two ways; either by evaporation, or by diminishing the , 


solvent power of the fluid by a reduction of temperature. 


The evaporation may be carried on spontaneously, or 7 
by the aid of heat. When the crystals are required to_ 
be large, recourse is commonly had to the former, as the. ; 
fluid is more gradually carried off ‘by it than by the lat- 
ter. If one or two well-formed crystals of the substance 7 
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in solution, be put in during the evaporation, the suc- 
cess of the process is more certain. 

Most bodies are more soluble in hot than in cold wa- 
ter. If, therefore, a saturated solution, or which is bet- 
ter, one nearly so at a boiling heat, be allowed to cool 
slowly, which is done by surrounding the vessel with a 
bad conductor, the part that the water cannot keep dis- 
solved, when it cools, is deposited, and the deposition 
going on gradually, crystals are formed, and the greater 
the quantity of the solution, and the more slowly it cools, 
the better. 

In both of these methods, the fluid left after a crop 
of crystals has been obtained, is one saturated at a na- 
tural temperature, so that, by boiling off a part to make 
it saturated, another crop may be got, or it may be made 
to yield crystals, by evaporating slowly, either by heat 
or spontaneously. 

The access of air seems necessary for crystallization, at 
least it has an important influence over it. Thus, if we 
have a saturated solution of glauber salt, at a boiling 
heat, and withdraw the air from the vessel, there is 
no deposition when it cools, but on the admission of it, 
crystallization commences. This is easily shown by boil- 
ing in a flask a solution of the salt, till it becomes satu- 
_rated, ‘by which the whole of the air is expelled. When 
in this state cork it tightly, and then surround it by saw- 
dust, and as the temperature falls there will be a vacuum 
by the condensation of the vapour, but the whole con- 
tinues fluid. On removing the cork, the crystallizing 
process instantly commences, and all that part of the 
salt, which the fluid ought to have deposited as its tem- 
perature fell, becomes solid.. Though air is necessary 
for this process, yet it seems to act merely by its-pressure, 
probably bringing the particles near enough to enable them 
to unite and forma solid; an idea which is strengthened. 
by the fact, that though a fluid is relieved of the pressure 
of the atmosphere, yet, if subjected to that of a column 
of mercury, crystallization takes place. 

Crystallization may likewise be prevented, by causing 
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the fluid to cool very gradually, and without the slightest — 
agitation. ‘Thus, if a saturated solution of glauber salt » 
in a flask, be surrounded by a bad conductor, a cork 
being placed into the mouth of it, to prevent the ad=_ 
mission of objects floating in the atmosphere, it will al- 
low its temperature to fall many degrees below that at 
which it ought to have deposited crystals, without any’ 
being formed. The moment, however, that a piece of 
the salt is thrown in, crystallization commences, and the 
whole of that which ought to have been consolidated as 
the temperature fell, is separated. 'This is supposed to 
operate by the agitation occasioned by the introduction of 
the salt ; for it is well known, that throwing in any other 
body, or even shaking the vessel, causes the erystalliza- 
tion of a fluid under similar circumstances. | 

A nucleus in the fluid also favours the crystallizing 
process ; hence the introduction of a few well-formed crys- 
tals into a solution undergoing evaporation, causes the 
formation of others of a regular shape. : vos 

During crystallization heat ts evolved. When the cry 
tals are slowly formed, its extrication is gradual, and 
scarcely perceptible; but when they are quickly depo- 
sited, it is sufficient to affect a thermometer, and this is 
well illustrated in those instances, in which the tempera- 
ture has fallen below that at which crystals ought to have 
been formed. Thus, if a warm saturated solution of - 
glauber salt be surrounded by saw-dust, and two or three 
hours afterwards a thermometer be put into it, the crys- — 
tallizing process does not go on as the fluid cools. But ~ 
on causing it to take place, by throwing in a crystal, the 
thermometer is instantly affected. Of course, the rise of 
temperature is accounted for, either by the disengage- 
ment of latent heat, or by the change in capacity, as has 
been already illustrated when treating of fluidity. ‘ 

Two or more solids are often contained in the same so- 
lution, but they can be easily separated by crystallization ; 
because, as salts require different quantities of water to. 
dissolve them, if a fluid of this kind be evaporated, they 
wil] be deposited in the order of their solubility, that 


COHESIVE ATTRACTION. 121 


which is least soluble being first separated; hence on 
making the solution saturated at a boiling temperature, 
it will on cooling deposit crystals, and by removing these, 
the others may be obtained by farther evaporation. 

- Crystals procured by fusion, differ from those got by 
solution, as they in general contain some of the solvent ; 
and as that commonly employed is water, what they re- 
tain is called water of crystallization. In some cases the 
quantity is small, but in others it is large, as in common 
soda, in which it actually amounts to about 2-3ds of the 
weight of the crystals. This difference in the quantity 
of water gives them particular properties. Thus, those 
which have but little of it when heated, undergo what is 
called decrepitation ; their particles are separated with a 
crackling noise, owing to the sudden conversion of the 
water into vapour, the expansive force of which bursts 
asunder the parts of the salt ; sea salt affords an instance 
of this. Those, on the other hand, which contain much 
water of crystallization, when exposed to heat, undergo 
what is called watery fusion, which is the solution of the 
salt in the water; and that it is so is known by conti- 
nuing the heat, by which the matter becomes solid, and 
requires after this a higher temperature for its liquefac- 
tion. Glauber salt affords an instance of this. 

When speaking of crystals, terms are employed to de- 
note particular changes that have taken place during 
their formation. A crystal is said to be bevelled, when 
the sides or terminal planes are so altered, that instead 
of these, there are two converging like the roof of a 
house. It is trwncated when the edges or angles are cut 
off, so as to forma plane, where there should have been an 
edge or angle. It is acuminated, when, instead of the 
angles or terminal planes, there are three or more faces 
converging so as to form a point or pyramid. 

‘When crystals are examined, they present a variety of 
symmetric forms, but each substance has a figure pecu- 
liar to itself, and within a certain limit this seldom varies ; 
thus, sea salt crystallizes in cubes, glauber salt in ob- 
lique rhombic prisms. A considerable variety, however, 
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often occurs in the same body; but in these cases each, — 
presents one invariable figure as its appropriate one,. 
from which all the diversities havesprung. This is call. 
ed the primitive, and the others formed from it the se. 
condary or derivative form. 'The idea. that crystals con- 
tain a particular form, different from, that of the crystal. 
itself, but from which its figure. may be derived, seems» 
to have originated with Bergman, and. which was adopted 
by Romé de l’'Isle, as the basis of his system.of crystallo-.. 
graphy. In order to discover. the forms. from which all. 
the secondary figures may ,be derived,. he entered into.a,, 
geometrical investigation of. what he conceived: to.be the. 
different primitive ones, and to account for the variety , 
of crystals, he imagined that some circumstance may oc-~ 
cur during their formation, which may not act equally. 
on all sides, .and consequently a redundance or. deficiency . 
may be the result, and_ these taking. place on the edges, . 
faces, or angles, an immense;number of differently formed. . 
crystals may be procured fromthe same. primitive figure.. 
These speculations of ;Bergman, and: De VIsle, were. 
afterwards confirmed by the experiments of Hauy, who . 
has shown that crystals do contain a primitive form; 
that, however much those. of any body may. vary, they. 
contain a central. form or :nucleus,: which. is. the: same 
in all the varieties. These, he says, may. be discovered 
by a mechanical analysis or dissection of the.crystal.. In-.. 
deed. he was led to this discovery by observing, that. in’: 
breaking a six-sided prism of .carbonate of lime, it did, 
not split off parallel, to the sides, but in an oblique direc ~ 
tion; each fracture caused. by the .blow..presenting a 
smooth surface, till at last he procured a body of a rhom=: . 
boidal.form, which by repeated. blows was diminished, 
but not in the least altered in its figure. On treating. . 
other varieties of crystals of the same body in a similar.. 
manner, he found, that however. different in shape, it 
always yielded a rhomb, and. hence .this was considered .. 
the primitive form.. The primitive forms.of Hany. are. — 
the parallelipepidon, which includes.the cube, the rhomb,.. 
and all solids haying six faces. parallel.two by two;. the, 
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tetrahedron ; the octohedron ; the regular hexahedral 
prism 5 the dodecahedron with equal and similar rhom- 
boidal planes ; and the dodecahedron with triangular planes. 
From these, Hauy says, all the variety of crystals may. 
be procured, the diversity being occasioned by.a decrease 
in the number of particles, during the formation of the 
secondary on the primitive form ; and if we suppose that 
this may take place either on the edges or angles, and 
sometimes on all of these, and at others only on some of 
them, and occasionally varying from one edge or angle to 
another, it is easy to conceive, that on the same primitive 
figure an immense variety of differently shaped crystals 
may be produced.—For a full illustration of this subject, 
which the limits of this work do not admit, the reader 
is referred to Philip’s Introduction to Mineralogy, and 
Brooke’s Introduction to Crystallography. 


ADHESIVE ATTRACTION. 


Adhesive attraction is distinguished from the cohesive, 
byits causing different bodies to adhere. Thus, if a plate of 
glass be dipt in water, part of the fluid attaches itself to 
it; or when a liquid is contained in a glass jar, the edges 
are observed to be higher than the surface. If a piece 
of sponge also, or of sugar, be partly immersed in water, 
the whole soon becomes moist; and when a tube witha 
very fine bore is put into it, the fluid is higher in the in- 
side than on the outside. These are all caused by ad-. 
hesive attraction. In the last instance, it is commonly 

called Capillary attraction, from its making fluids rise in 
capillary tubes; and the same is also said to be the case 
with the sponge and sugar, the fluid rising through 
them by capillary attraction. 


CHEMICAL ATTRACTION. 


Chemical attraction is that power by which the particles 
of dissimilar objects, when. brought into contact, are made 
to unite, forming a compound, having properties diffe- 
rent from. those of. its ingredients. It.is distinguished. . 
from gravitation by its taking place at no, sensible dis. 
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tance, and among the atoms of bodies. Cohesion is exert- 
ed among the particles of the same body, and when these : 
are united, the properties are not different from what 
they were before the union. The term Affinity, has gene- 
rally been employed to denote this power, but this term, it 
must be remarked, is often used in a double acceptation; 
to denote both the power, by which the particles of diffe- 
rent bodies are made to unite, and also the changes pro- 
duced by its operation ; in the one meaning the cause, in 
the other the effect. | ? 

When substances, between which there is an attraction, 
are presented to each other, and a change ensues, it is 
said that a Chemical Action has taken place. It is. neces- 
sary, therefore, to draw the distinction between the terms 
Chemical Attraction, and Chemical Action. By the lat- 
ter, is meant the change that follows the application of 
bodies to one another, and by which their properties are 
altered. By the former, is to be understood the ree 
which has induced this change. 

It has been already aiuatioh el that the term affinity 
has been used to denote both the cause and the effect of . 
that power by which bodies are made to combine, and 
form new compounds. It will be better, therefore, to 
employ Affinity, and Chemical Attraction, to express the 
former, and Chemical Action the latter. 

Chemical action does not always take place when sub- 
stances are mixed. ‘Thus, if oil and water be shaken to- 
gether, they do not act; but if, instead of using water, 
lime-water be employed, an action ensues, the cartel 
of the oil unite with those of the lime, and form a new — 
compound. When substances which are simple are 
made to act, this is the only result. It is called Com- 
bination or Synthesis, (cvvrilm, to put together,) and 
when a compound is formed in this way, it is said to be 
procured by Synthesis. Substances are, however, fre- 
quently composed of two or more ingredients, and when - 
an action takes place between them, it is in general 
much more complicated. When, for instance, a body of 
one ingredient A, is added to a compound BC, A may 
unite with B, form AB, while C, the other ingredient, is 
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set free. Thus, when chalk, which consists of lime and 
a gas called carbonic acid, is placed in a retort A, and. 
muriatic acid poured on it, the muriatic acid unites with 
the lime, from which the carbonic acid is. separated, . and 
nay be collected. 'The compound of the acid and lime 
remains in the retort; the gas is collected in the jar C, 


placed on a water-trough B. In this instance, we have the 
ingredients B and C separated, and BC istherefore said tobe 
decomposed. 'This, then, in chemical language, is called 
decomposition or analysis, (aarvw, to separate.) But, in 
this case, there is also combination. A has combined 
with B, so that there is both combination and decompo- 
sition. When bodies are simple, combination is the on- 
ly result; but when they are compound, there may be 
both combination and decomposition. 

The difference between the integrant and elementary 
atoms has been already stated. By the former is meant, 
the smallest particle of a body, and which has the same 

properties as the body itself, The elementary, on the con- 
Pe are those of which the integrant are composed, these 
having properties different from each other, and from those 
of the particles which they form by their union. The 
latter are united by chemical attraction, the former by 
cohesion.” When, then, an action ensues on the applica- 
tion of bodies to each other, the attraction is exerted 
at one time among the integrant particles, as when two, 
each composed of two ingredients, unite to form a new 
compound, of course containing all the four. At other 
times it operates among the elementary, as when decom. 
Position ensues ; thus, in the instance mentioned, some of 
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the elementary particles of the marble have combined. ay 
with those of the acid, while the others were set free in 
the form of gas. 

Phat chemical attraction may operate, and j 


APS ee 


brought as near as possible. Many bodies, when “ 
do not act, till means are employed to approximate their 
particles, as friction or percussion. ‘Thus, when flowers 
of sulphur are mixed with the powder of the salt called 
chlorate of potass, there is no chemical action ; but-on 
rubbing them in a mortar, they instantly explode. Here, 
it is supposed that the friction has operated, im a great 
measure, by bringing the particles of the one near enough 
to those of the other, to enable the attraction to produce 
its effects. 

It is in general also necessary, that one or both of the 
bodies be fluid. ‘Thus, when nitre and flowers of sul- 
phur are mixed, there is no action; but if the former be — 
melted, and the latter thrown into it, it is instantly kind- 
led, and burns with a bright white flame, giving off very 
noxious fumes. Though in general one or both of the 
substances must be fluid, yet wy is not always necessary. 
Thus, in the former instance of the sulphur and salt, both 
are solid, yet there is an action when they are rubbed. 

In the experiment of sulphur and nitre, the ‘fluidity 
was occasioned by heat. In others, it is effected ‘by wa- 
ter, which dissolves one or both bodies. ‘Thus, when 


potashes are mixed with the substance called ce 


acid, there is no action; but on adding a little water, i 
instantly commences, and is accompanied with the disen- 
gagement of an aeriform fluid, which is one of the ingre- 
dients of the former. 

Caloric in general favours the operation of Beats at. 
traction. Many bodies, when mixed at a natural tem- 
perature, remain in that state; but when heat is applied, 
an action commences. On the contrary, cold or the ab- 
straction of heat in general retards it, of which we have a 
good instance on mixing aquafortis with spirit of wine. 
When the acid, previously diluted with about twice its 
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bulk of water, is put into a flask, with an equal quantity 
of alcohol, there is no action, but on applying a slight 
heat, it commences, and is accompanied with the disen- 
‘azement of gas, which may be kindled on the approach 
flame. On putting the vessel into cold water, the ac- 
tion instantly ceases, the flame being extinguished, and 
on again applying heat, it commences. 

By the operation then of attraction, bodies are made 
to unite, and form new compounds. When this is the 
case, an alteration of properties is the result; the com- 
pound no longer possessing those of its ingredients. 
Hence we find the form, the taste, or the smell, al- 
tered. ‘The chemical properties have likewise un- 
dergone a change, of which we have a good instance, 
in the result of the action of an acid and an alkali. The 
distinguishing feature of the former, is making a vege- 
table colour red; hence, if we add afew drops of sul- 
phurie acid, or oil of vitriol, as it is commonly called, 
to the blue infusion obtained by steeping the leaves of 
red cabbage in water, the colour is instantly redden- 
ed. The distinguishing character of ‘an alkali, is mak- 
ing the vegetable colours green; hence, when a few 
drops of soda are added to the same solution, it becomes 
green. Oil of vitriol and soda have a very strong attrac- 
tion for each other. When mixed, they unite, and 
form a new compound, and which has no effect whatever 
on vegetable colours. If, then, the infusion to which 
the acid was added, be mixed with that containing the 

da, in proper proportions, the acid and the alkali com- 

a... and the original colour returns, because the com- 
pound formed does not act on the colouring matter. In 
this case, also, the corrosive qualities of both are destroy- 
ed; in fact, Glauber salt is formed. 

It must not, however, be supposed, that the properties 
are in every case destroyed. Thus, when sugar or salt 
is dissolved in water, which is a case of chemical ac- 
tion, the qualities are little altered. In most, however, 
there is a total change, and when it is so, the bodies are 
said to have saturated or neutralized each other. — 
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Changes produced by Chemical Attraction: 
Of the alterations produced, none is more striking than 
a change of form This sometimes takes. place in one, 
occasionally in both substances; we have ofter 
fluids becoming solid, as when diluted oil of vitriol i 
mixed with a solution of the substance called muriate of 
lime. On the contrary, two solids may become fluid. 
Thus, when ice and sea salt are mixed, they-act on each 
other, and are very soon liquefied. It frequently hap- 
pens that a gas, or aeriform body, is. given off from a 
solid or fluid; as when chalk, or a solution of potashes, 
is thrown into muriatic acid. Perhaps the most common 
change is when a solid and a fluid act, and the former 
becomes liquid. In this case, it is generally supposed 
that the fluid is the active agent, that it is the cause of 
the solid assuming the same form, it is said, therefore, 
to dissolve it, and the process is called solution, the fluid 
itself being termed a solvent, (words derived from solvo, 
to loosen.) The fluid is also frequently called a men- 
struum, a term given by the ancients, and derived from 
mensis, a month, many of their processes requiring a 
considerable time to complete them. Thus, when a salt 
is put into water, or alcohol, a watery or alcoholic solu- 
tion is formed; or, as it is sometimes called, a solution it in 
a watery or alcoholic menstruum. 

When two fluids act, and a solid is formed, which falls 
to the bottom, precipitation is said to take place; and the 
solid is called a precipitate, (precipito, to throw down.) 
Thus, when a solution of sugar of lead is mixed wit . 
that of Glauber salt, a white powder is precipitated. ' 
When, on the contrary, an aeriform body is. given off, 
either from fluids or solids, or by the action of a fluid 
and a solid, effervescence is said to occur, and the bodies 
are said to effervesce, (effervesco, to boil over.) Thus, 
when potashes, or a piece of chalk, is thrown into muri- 
atic acid, there is an effervescence, or the escape of gas. 

Another very common change accompanying chemical 
action is, an alteration in the bulk of the substances. When 
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this happens, they in general occupy less space than be- 
fore, though in some instances they are enlarged. It is 
well Reon, that when a very strong spirit is mixed with 
water, there is a condensation. Thus, if 50 gallons of 
sach be used, there are only about 97 of the mixture. 
The condensation accompanying chemical action is well 
illustrated, also, by oil of vitriol and water. If 50 mea- 
sures of acid be mixed with 50 of water, they enter into 
union, and give considerably less than 100 measures. In 
this case, the condensation is at first slight, because, ow- 
ing to the action, there is a disengagement of heat, which 
causes expansion; but if the mixture be kept for a few 
hours, to allow it to regain its original temperature, it 
will be found to occupy much less space than the sub- 
stances separately, there being only about 93 measures. 
On the contrary, instead of an increase, there is a dimi- 
nution of density. Thus, when some of the metals unite, 
they form compounds called alloys, the density of which 
is less than the mean of those of the metals when separate. 

The next, and most remarkable occurrence during 
chemical action is, a change of temperature, or, as it is 
usually called, a generation of heat or cold. The altera- 
tion is in many cases considerable, in others it is less 
striking ; in almost every instance, however, some change 
does take place; indeed, nearly all the means of pro- 
ducing heat and cold are derived from this source. 

The rise of temperature may be shewn, by pouring oil 
of vitriol on recently burned lime ; they enter into union, 
and heat is given out, sufficient to drive off part of the 
acid in vapour. In other instances in which fluids act 
with each other, there is a disengagement of heat. Thus, 
when equal measures of oil of vitriol and water are mixed; 
heat is evolved sufficient to cause water to boil, or even 
to set fire to some inflammables. If a small piece of 
phosphorus, in tow, be put on the glass in which the 
mixture is made, the.moment the fluids are stirred to 
cause them to combine, it is kindled. 

The instances mentioned are cases of chemical action 


between solids and fluids. The evolution of heat, by 
VOL. I. I 
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combustion, affords a good example of the rise of tem. 
perature during the action of these with an aeriform 
body ; this process depending on the union of the ine 
flammable with a part of the air of the atmosphere. — 2 a 

Instead of the disengagement of heat, we have fre-— 
quently the production of cold, as when solids are wie : 
solved, or when they act on each other, and both become 
liquid. ‘Thus, when ice and sea salt are mixed, there 1s 
an immediate chemical action; both become fluid, and 
cold is generated. How the rise and fall of temperature 
in these cases is occasioned, has been already fully illus- 
trated under Fluidity and Evaporation, and also under 
Sources of Heat and Cold. 


Of the Powers which exert an influence over Attraction. 


Chemical action varies at different times, even a-— 
mong the same bodies ; which has given rise to the idea, 
that attraction is influenced by particular circumstances, 
and that it is by the operation of these, and not by any 
difference in the attraction itself, that the results are so 

“different. Berthollet has paid particular attention to. 
this subject; indeed, it is to him that we are indebted for 
almost all we know concerning it. His illustrations of it 
are to be found in his Essay on Affinity, and in his 
Chemical Statics. 

In considering the circumstances whieh affect affinity, 
we must view it either as producing only combination, or 
both combination and decomposition. Those which hav a 
an influence over attraction, producing combination, are 
cohesion, gravity, condensation, elasticity, and temperature. 
Those affecting the attraction among compounds, pro- 
ducing decomposition, are the same, with quantity, or 
a difference in the proportions. | i 

The first of the circumstances that affect the operation 
of affinity is cohesion, which is strongest m solids, 
and it is in these only that it has any influence. When 
two substances, between which there is a chemical attrac- 
tion, are mixed, it is evident that the result must depend — 


faa 
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greatly on the state of cohesion. If the affinity be 
strong, it overcomes the cohesion; but if weak, it is 


he cause of chemical action occurring so rarely between 
olids ; the particles of the two bodies are not only too 
far removed from one another, but that force which 
keeps those of each together, offers so strong a resistance 
to their separation, that the chemical attraction cannot 
overcome it. With respect to a solid and fluid, the 
action depends also entirely on the state of cohesion of 
the former. Thus, when a lump of iron is put into 
aquafortis, previously mixed with its own bulk of water, 
there is scarcely any action; butif this beremoved, and iron 
Jilings thrown in, it instantly becomes violent, and they 
are very soon dissolved. In the former, the cohesion 
among the particles of the iron was so powerful, that the 
attraction between it and the acid, even though strong, 
could not overcome it. In the latter, the cohesion being 
in a great measure destroyed, it easily produced its ef- 
fects. It is true, in this instance, that the reduction of the 
metal to powder must cause a greater surface to be 
presented to the acid, and thus the action may be pro- 
moted ; but the principal cause of the successful opera- 
tion of the attraction, is the destruction of the cohesion, 
which the affinity must have overcome, before it could 
have produced its effects. 

Since cohesion exerts so great an influence over affinity, 
it is necessary, when solids are used, to have them in 
powder, or to melt them. Accordingly, when we wish 
to dissolve a body quickly, we reduce it to powder, and 
the finer it is, the more rapid the solution. 

It is often said, that as we diminish cohesion, we in- 
crease the affinity, which, however, it must be evident, is 
incorrect. Though the effect produced in the instance 
given is different, the attraction is not in the smallest 
degree varied. It is the action, not the attraction, 
that is altered by the change in the state of cohesion. 

Cohesion, it has been Supposed by some, acts in another 
way. Thus, if two bodies, between which there is an 

12 
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attraction, be mixed, and if, when united, the cohesion 
of the particles is powerful, it is said that the affinity 
more easily produces its effects. Thus, if sulphuric acid 
be added to a solution of baryta, a white powder, sul- 
phate of baryta, is formed, between the particles” 
which there is a strong cohesion, and which, it is ima- 
gined, favours the union. It is absurd, however, to sup- 
pose that this power can operate in the smallest degree 
in causing combination ; because till they are united 
there is no cohesion, consequently, it does not begin to 
operate till after the chemical attraction has brought 
about the union. 

Though cohesion can have no influence over attraction 
in the manner supposed, it may, however, operate by 
removing the product from the sphere of action,—as when 
a compound formed by the union of others is precipitat- 
ed, and hence prevented from being acted on by any 
of the substances which may be in excess. 

The weight of bodies also affects attraction. Thus, if 
we have a fluid, suppose water, in a tall jar, and put 
into it a body of considerable weight, say a piece of blue 
vitriol, it instantly falls to the bottom, and remains there, 
and slowly unites with the water. A solution is thus 
formed, which, by containing the salt, is of greater weight 
than the water above it; it therefore also continues be- 
low, surrounds the remainder of the solid, and cuts it off 
from the action of the fluid that has not entered into 
union with it. The blue vitriol will therefore continue 
days, or even weeks, before the whole of it is dissolved. 
Even after it is dissolved, the solution, from its great 
weight, continues a long time without mixing with the 
water; thus giving an instance of difference in the weight: 
of fluids retarding their union. Of this we have alsoa 
good example in oil of vitriol and water; if the vitriol 
be put into a glass, and the other poured cautiously over 
it, they unite very slowly, the acid being of great weight, | 
and remaining below. In cases, then, in which there is 
a great difference between the weights of the substances, 
we must have recourse to constant —" to favour 
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the operation of the attraction existing between them ; 
indeed, it is absolutely necessary for it to produce its 
effects. 
_ Elasticity is another of the powers modifying the re- 
sult of attraction. By elasticity is here meant the ten- 
deney which the particles of substances have to separate 
from one another, as in aeriform bodies; and it is only 
in these that this power has any influence. It has been 
already proved, that as cohesion is diminished, chemical 
action takes place more easily. It may be expected, 
then, that substances in the aeriform state would act 
readily, either among themselves, or with other bodies, 
because in them the cohesion is destroyed. ‘This, how- 
ever, is not the case; the particles are too far removed 
to allow the attraction to bring them together. In 
those instances, also, in which an aeriform substance is 
absorbed by a fluid, it is well known that compression 
favours the union. Thus, in making soda water, the 
aeriform substance which causes the briskness is forced 
in by strong pressure, by which more of itis taken up, its 
particles being brought nearer each other, and to the 
surface of the water; the distance at which they were 
situated having prevented their combination. 
Temperature has a very powerful influence over at- 
traction ; indeed, no agent is more frequently employed 
for inducing chemical action. Solids very rarely act 
with each other, but, on the application of heat, the at- 
traction begins to operate. Thus, when flowers of sul- 
phur and iron filings are mixed in about equal bulks, 
there is no action, but, on the application of heat, it soon 
commences, the mixture becomes red hot, and continues 
so for some time, even though removed from the fire, — 
shewing evidently, that a chemical action is going on. 
The promotion of the solution of solids in fluids by heat, 
is too well known to require any illustration. In many 
instances, there is no action between a solid or fluid and 
air, till heat is applied, of which combustion affords us 
a good example. Oil and coal are not inflamed till 
heated; but when their temperature is raised, they 
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begin to burn, and continue to do so, though the means _ 
by which their temperature is elevated be withdrawn. 
Now, in these cases, it is known, that there is an action 
between the inflammables and part of the air, by which 
the heat and light are disengaged. Aeriform bodies 
themselves very frequently do not act till heated. Thus, 
if coal gas be allowed to escape from a burner, it mixes 
with the air of the apartment, but there is no chemical 
action; if, however, a person take in a lighted candle 
into the room, the gas is instantly exploded,—the 
action between it and the air, which causes the explo- 
sion, having been occasioned by the heat. 7 

The influence of temperature over attraction is to be 
ascribed, in a great measure, to its bringing into action 
some of the powers already treated of, particularly cohe- 
sion and elasticity. As we diminish the former, we fa- 
vour the operation of attraction. Chemical action may 
therefore be induced by the diminution of the cohesion, 
for it is well known that heat overcomes this power. It 
is evident, however, that we may carry this too far; for, 
when we raise the temperature too much, we may weaken 
the cohesion to so great a degree, that the elasticity in- 
duced may retard, instead of promoting the action; that 
is, we may cause one or both substances to assume the 
aeriform state, and thus keep them from acting. In the 
instance of heat causing gaseous bodies to explode, it is 
supposed that it acts by the sudden compression of the 
particles; for, as it expands those immediately in con- 
tact with the flame, these must press on the adjoining 
ones, and thus they may be brought near enough to en- 
able them to unite, the distance at which they were placed 
having proved a bar to their union. : 

On the contrary, cold sometimes favours the action. 
Thus, the union of two aeriform fluids, which do not act 
at a natural heat, may be effected by applying cold ; and 
the cause of this seems to be the same as when they are 
compressed, the reduction of temperature contracting — 
them, and thus bringing their particles near enough to 
enable them to enter into union. 
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The abstraction of caloric also favours the action of 
gases with liquids. Here, however, it is evident, that, as 
with the elevation, we may carry the reduction too far; 
for though we still continue to diminish the repulsion 
among the particles of the gas, yet we may increase the 
cohesion of the fluid, so far as to cause it to freeze, and 
thus put a stop to the union. 

In the cases stated, it is evident that temperature ex- 
erts its influence over affinity, by increasing or diminish- 
ing the cohesion or elasticity of the substances employed. 
There are instances, however, in which it seems to exert 
some influence peculiar to itself. Thus, the solution of salts 
in water is greatly promoted by heat, as is also the union 
of the gases with some of the metals. It is true, that as the 
temperature is raised, the cohesion is diminished ; but 
the diminution must be so trifling, that caloric seems to 
exert some peculiar influence in these particular cases. 

The last of the powers having an influence over 
affinity is Electricity, and that modification of it called 
Galvanism; but, for the illustration of this part of the 
subject, see Electricity and Galvanism. 

The preceding remarks apply to the chemical actions 
in which combination is the only result. We have now 
to view affinity in a different light. When a simple 
body, or one which acts as if it were simple, is added to 
a compound, and an action ensues, it is owing to the sim-. 
ple combining with one of the ingredients of the com- 
pound, and disengaging the other; hence decomposition 
also ensues, and the affinity by which this is brought 
about is likewise affected by foreign powers. 

The powers which have been mentioned as having an 
influence over affinity, producing combination, are cohe- 
sion, specific gravity, elasticity, condensation, tempera- 
ture, and electricity. These, with quantity or a differ- 
ence m the proportions, modify affinity producing decom- 
position, in some instances promoting, in others retard- 
ing its operation. | 

Quantity, or a difference in the proportions, seems 


to produce & great effect. Were chemical action 
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the result merely of attraction, the effects ought to ; 
be the same, whatever be the proportions. Thus, if 
a simple body be added to a compound, and the affinity 
between it and one of the ingredients be stronger than 
that between the substances already in union, the de- 
composition should be complete, that is, the body add- 
ed should unite with one of the ingredients, to the com- 
plete exclusion of the other. This, however, is not al- _ 
ways the case. If the quantity added be exactly that 
which would unite with the whole of the ingredient for 
which it has an affinity, the decomposition is imperfect. 
We must therefore add more of the simple; and even 
when this is done, there is not, at least in many cases, 
an entire decomposition, the ingredient of the compound, 
between which and the other substances there is an at- 
traction, being divided between them. On the other 
hand, a strong attraction may be overcome by a weaker 
one, aided by quantity. Suppose we have a compound, 
and add a simple to it, between which and one of the in- 
gredients of the former there is an affinity, but not so 
strong as that between the substances in union ; if the 
simple be used in the proportion that it will combine 
with the ingredient for which it has an attraction, no de- 
composition ensues ; but if used in excess, it is instantly 
effected. Thus, if we dissolve mercury in diluted nitric 
acid, and add a few drops of water to the solution, there 
is no decomposition ; but if much of the latter be em- 
ployed, the ingredients of the compound are instantly se- 
parated. Between the mercury and acid that has dis-— 
solved it, there is of course a certain force of attraction ; 
the latter has also a tendency to enter into union with 
the water, but the affinity between them’ appears to be 
too weak to separate it from the other, and hence the ne- 
cessity of calling in the aid of gwantity, by which the 
decomposition is accomplished,—the acid and water unite, 
while the other ingredient is precipitated. | 
Cohesion is the next of the powers that modify affinity” 
between compounds. The decomposition of a substance 
depends in a great measure on its cohesion. If it be 
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strong, it may prevent the chemical attraction from pro- 
ducing its effects, and the action may proceed slowly ; 
whereas, if it be weakened, it may go on quickly. Thus, 
if muriatic acid be poured on a piece of carbonate of ba- 
ryta, which is a compound of baryta and an aeriform 
body, the action is slow ; but if the carbonate be reduced 
to powder, by which its cohesion is greatly overcome, 
and then mixed with the acid, there is a violent efferves- 
cence, the acid instantly combining with the baryta, and 
disengaging the other ingredient in its aeriform state. In 
those cases, then, in which we wish to effect the decom- 
position of a body quickly, it is necessary to reduce it to 
powder, or the cohesion may be overcome by dissolving 
it before it is mixed with the other that is to cause its 
decomposition. 

Cohesion, it is imagined, aids decomposition in another 
way. In the instance given, it is that of the compound 
that retards the action; but it is supposed, that if the 
particles of the newly formed compound cohere strongly, 
the decomposition is more easily effected. ‘Thus, when 
sulphate of soda is mixed with sugar of lead, the 
sulphuric acid of the former and the lead of the latter 
unite, and the compound is precipitated; so that there 
must be a cohesion among its particles, and which, it is 
supposed, favours the decomposition of the others. 
Though some lay great stress on the operation of cohe- 
sion in this way, it is difficult to conceive, nay perhaps 
absurd to suppose, that it can have any influence; for 
it must be kept in mind, that the cohesion is among the 
particles of the compound formed ; now, till it is formed, 
there is no cohesion ; so that it is bringing in the opera- 
tion of a power not in existence. 

Elasticity has also an influence over decomposition. If 
we have a compound containing an ingredient, which, 
when in its separate state, exists as a gas, the decomposi- 
tion is more easily accomplished than if this substance, 
when pure, possessed some power of cohesion. ‘Thus, if 
muriatic acid be poured on chalk, which contains a 
body that ee when in its separate state, the acid 
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and the other ingredient of the chalk combine, while the 


- 


~~ 


gas is disengaged. It is supposed that the elasticity of 


the gaseous body favours the decomposition, by carrying 


it off from the sphere of action. If any means be em- — 
ployed to prevent the escape of the gas, the action does — 


not goon. Thus, if the acid and chalk be brought into 


contact in a closed bottle, the action is at first slight, but 


very soon ceases; the moment, however, that the stopper 
is removed, it again commences. 


Temperature is another of the powers that have an in- ~ 


fluence over decomposition. Many bodies, when united, 
remain so at a natural temperature; but on applying 
heat, there is an immediate decomposition. ‘Thus chalk, 
which, it has been already remarked, is a compound of 
lime and a gaseous body, is easily decomposed in this 
way. If it be put into an iron tube, shut at one end, 


and having an empty bladder fixed to the other, on put- — 


ting that, with the chalk, into a chauffer, the bladder 
will be very soon distended ; owing to the aeriform mat- 
ter escaping, the lime will remain in the tube. Here, 
then, the decomposition has been effected solely by heat. 
In other instances, it is necessary not only to raise the tem- 
perature, but to call in the aid of another body, otherwise 
we cannot decompose the compound. If iron be put into 
water, there is no decomposition, even though between it 


and one of the ingredients of the fluid there is a strong at- 


traction; but if it be heated, there is an immediate action. 


Thus, on passing steam from a boiler, A, through an 


2 
Pa 
- - 


iron tube, BB, it comes out at the opposite end, stillin — 


the state of steam; but if the tube be passed through a 
chauffer, C, and brought to a red heat, the steam is in- 


stantly decomposed, one of its ingredients unites with the 
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iron of the tube, the other comes out at the opposite end : 
and that it isa substance altogether different from the 
steam is evident, for if the mouth of the pipe be put 
into a water trough, D, an aeriform matter may be col- 
lected in the jar E. Had it been steam, it would have 
been condensed by the cold fluid; and that it is not 
air, is shewn by applying flame to it,—it is instantly 
kindled. 

Electricity and galvanism have also an influence over 
affinity, producing decomposition ; but for the illustra- 
tion of this, see Electricity and Galvanism. 


Force of Attraction among different Substances. 


When a substance of one ingredient is added to an- 
other containing two, it occasionally happens that all the 
three unite, and form a new compound ; that is, if A, a 
simple body, be added to BC, a compound, they may unite 
and form a substance ABC. It more frequently hap- 
pens, however, that that added unites with one of the in- 
gredients of the compound, while the other is set free. 
That is, if A be added to BC, A may unite with B, to 
form AB, and C is disengaged. ‘Thus, potashes is a com- 
pound of an acid and an alkali, and between them there 
is a certain force of attraction. If it be placed in a re- 
tort, and oil of vitriol poured on it, it instantly combines 
with the alkali, and the acid, the other ingredient, is set 
free ; it comes off in the form of gas, and may be collect- 
ed in the jar. In this instance it is supposed, that the 
attraction between the oil of vitriol and the alkali, is 
more powerful than between the alkali and the acid from 
which it was disengaged ; the acid and alkali are, there- 
fore, separated, while the alkali and vitriol combine. 
This is called a case of elective attraction, because the vi- 
triol elects the alkali in preference to the other; and it is 
termed single elective attraction, to distinguish it from 
others of a more complicated nature, to be illustrated af- 
terwards. It is called, also, single decomposition, because 
there is only one body decomposed. 
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These cases of chemical action are very useful, espe- 
cially to practical chemists, because many of the substan- 
ces formed during their operations, if not themselves of 
value, may be turned to account by decomposing them, 
to make them yield their valuable ingredient. Perhaps 
both of the ingredients are useful; if so, they may both 
be obtained by single elective attraction, because, after 
decomposing the compound, and setting free one of its 
constituents, the newly formed substance which contains 
the other ingredient, may also be decomposed by another 
case of single elective attraction, and made to yield it. 
Suppose we have a compound BC, and we add A to it, 
between which and B the attraction is more powerful than 
that between B and C, A will combine with B, and set C 
‘at liberty. Wethus, then, procure C. Suppose we now 
wish to obtain B, we must add to the newly formed com- 
pound AB, a substance D, between which and A there is 
a more powerful affinity than that between A and B; D 
will then enter into union with A, form AD, while B is 
disengaged, so that we thus procure B. To give 
an instance of this; suppose we wish to decompose sal 
ammoniac, which is a compound of muriatic acid and am- 
monia, so as to obtain both of its ingredients. If we wish 
to procure the ammonia, after powdering it, we must add 
to it some slaked lime, and the odour of hartshorn is in- 
stantly perceptible, because the attraction between the 
acid and the lime is stronger than between the acid and 
the ammonia. Suppose we now wish to obtain the mu- 
riatic acid, we have only to add some oil of vitriol, be- 
tween which and the lime, with which the muriatic acid — 
had united in the former experiment, there is a more 
powerful attraction than that between the acid and lime 
already in union; the vitriol and the lime will therefore 
combine, while the muriatic acid will be disengaged. 

Tables have been constructed to point out the order of 
the forces of affinity of different substances. Thus, the 
affinity of sulphuric acid is shewn, by placing it at the 
top, and after drawing a line, putting below it the names 
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of the substances with which it unites, in the order of the 
forces of their affinities. 


Sulphuric acid. 


Baryta. 
Strontia. 
Potass. 
Soda. 
Lime. 
Ammonia. 


This at once shews us, that the affinity between sul- 
phuric acid and baryta is more powerful than that be- 
tween it and any of the others in the table; that between 
the acid and ammonia is the weakest. If, then, we have 
the compound of the acid and ammonia, we know that we 
can decompose it, by adding any of the others; because 
the affinity between the acid and any of them, is more 
powerful than that between the acid and ammonia. If 
we have a compound of the acid and lime, we can de- 
compose it by soda, potass, strontia, or baryta. If, how- 
ever, we have a compound of the acid and baryta, the 
table shews us that we cannot effect the separation of its 
ingredients by any of the others; because the affinity be- 
tween them is more powerful than that of the acid for 
any other in the table-—For the affinity of different bo- 
dies, see Appendix. 

The preceding remarks apply to the actions between 
compounds and simples, or those which act as if they were 
simple, producing, of course, only one case of decompo- 
sition. When we employ two that are compound, and 
decomposition ensues, the action becomes much more 
complicated ; but still those ingredients, between which 
there is the most powerful attraction, are imagined to en- 
ter into union. ‘Thus, suppose we have two compounds, 
AB and CD; that is, each containing two ingredients, 
between which, of course, there is an affinity ; but A of 
the one compound, has an attraction for C of the other, 
and B for D. If these be stronger than the affinities be- 
tween A and B, and between C and D, decomposition in- 
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stantly takes place, when, they are presented to each 
other, A is separated from B, and unites with C, to form 
AC; while D, sent from C, enters into union with B, to— 
form BD. Here, then, we have two cases of decomposi- 
tion, AB and CD are decomposed ; and we have also two - 
of combination, A and C, and B and D unite. This is 
called double elective attraction, and double decomposition, 
to distinguish it from single elective attraction, or single 
decomposition. To give an instance of this, we may use 
common soda and Epsom salts, the former of which is a 
compound of an acid and the alkali soda, the latter con- 
tains an acid and magnesia. When these, previously dis- 
solved in water, are mixed, there is an immediate preci- 
pitation of a white powder, owing to the decomposition 
of both of the compounds, and their ingredients entering 
into a new state of combination ; that is, the soda in the 
one leaves its acid, and joins that of the magnesia, while 
the magnesia combines with the acid of the soda, and is 
precipitated ; the other is held in solution. 

In these cases of chemical action, the affinities which 
‘tend to keep the ingredients already united in that 
state, are called quiescent, while those which are to sepa- 
rate them, are called divellent ; so that if, when compounds 
‘are mixed, the quiescent attractions prevail, there is no 
action, but if the divellent predominate, decomposition 
ensues. 

These cases of double decomposition have also been il- 
lustrated by diagrams. Thus,  ‘Swbph- Acid. i peta 
the following is the diagram of 
the instance already given :— 

Two lines being made to cross 
each other, the names of the in- 
gredients of the substances are 
placed at the ends of these, and 
so situated, that those between _ 
which there is zo attraction, 
are diagonally opposite; thus, Soda: Carb, Acid. 
there is no affinity between sulphuric acid and carbonic 
acid, nor between soda and magnesia. Those, on 
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the contrary, between which there is an attraction, are 
adjoining. Thus, sulphuric acid has an affinity both for 
soda and for magnesia; and so also has carbonic acid. 
We may represent the action, by supposing the lines to 
move on their centre, by which the sulphuric acid and 
the magnesia, and the carbonic acid and the soda are se- 
parated, and the sulphuric acid and the soda, and carbo- 
nic acid and magnesia come together ; the diagram, after 
the action, is therefore to be, 


Sulph. Acid. Carb. Acid. 
Soda. Magnesia. 


Another diagram, is that given by Bergman : 


Sulph. of Soda. 


Soda, Sulph, Acid. 
Carb. Sulph. 
iat Water. pr 
Soda. Magnesia. 


Carb. Acid. Magnesia. 


Carb. Magnesia. 


It consists of four brackets. At the sides are placed 
the names of the compounds used, and at the end of each 
are those of the ingredients. ‘Thus, sulphate of magne- 
sia is composed of sulphuric acid and magnesia, and car- 
bonate of soda of carbonic acid and soda; and these are 
so situated, that those between which there is no affinity 
are diagonally opposite, while those between which there 
is an attraction are contiguous. At the upper and under 
bracket, are the names of the compounds that are to be 
formed with those of their ingredients. Thus, sulphate 
of soda is composed of sulphuric and soda, and car- 
bonate of magnesia, of magnesia and carbonic acid. In 
the centre of the diagram is water, shewing that the ac- 
tion has been effected by solution. Had it been brought 
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about by heat, the word caloric would have been placed 
there. The lower bracket is broken, and the point turn- 
ed downwards, which shews that the carbonate of magne- 
sia is precipitated. ‘The upper one is not broken, conse- 
quently the sulphate of soda is in solution. Had it been 
broken, and the point turned upwards, it would have 
shewed that the compound is gaseous. . 

These cases of double decomposition, are very neehil 
to practical and analytical Chemists. Many bodies can 
thus be formed, which cannot be procured in any other 
way. Thus, the attraction existing among some sub- 
stances is so extremely weak, that they cannot be made 
to unite when presented to each other, the powers which 
have an influence over it, preventing it from producing 
its effects. When, however, substances of this kind are 
brought into contact, just as they are set free from com- 
bination, they may enter into union. ‘This is called their 
nascent state, (nasco, to be born,) because, when set free 
from combination, they are then, as it were, just brought 
into existence. ‘Thus, if A be added te BC, and A com- 
bines with B,; and sets C at liberty, the moment that C 
is disengaged, it is said to be nascent. A mordant much 
used by calico-printers is prepared 1 in this way. It is a 
compound of the acid of vinegar, or acetic acid, and alu- 
mina, or earth of clay. Between these there is an affini- 
ty, but it is so weak, that when presented to each other, 
they do not unite; and even allowing that they would, 
the expense of preparing it in this way would preclude 
its use. But if compounds containing them be mixed, 
they may be made to combine, and form the mordant. 
Thus, when sugar of lead, which contains lead and the 
acid of vinegar, is mixed with alum, which is a compound 
of sulphuric acid and alumina, or the earth of clay, there 
is an immediate decomposition, and exchange of ingre- 
dients,—the sulphuric acid unites with the lead, and the 
acid of vinegar with the earth,—the former is ieee 
ed, while the other is held in solution. — 

These cases of double decomposition are till fata 
useful. The attraction between the ingredients of some 
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compounds is so strong, that it is difficult to effect a com- 
plete separation of their ingredients by a case of single 
elective attraction ; but it may be accomplished by double 
decomposition. Thus, suppose we have a compound BC, 
between the ingredients of which there is a powerful affi- 
nity. On the addition of A, which has an attraction for 
B, there is no decomposition, because that between B 
and C is more powerful. On adding D, which has an 
affinity for C, there is no change, that between B and C 
being stronger; but if A and D be presented at the same 
time, decomposition may instantly be effected; because 
the affinities between A and B, and between C and D, are 
more powerful than that between B andC. Band C 
are therefore separated, while A and B, and C and D, 
unite. To give an instance of this :—If lime be dissolv- 
ed in muriatic acid, we form a solution containing the 
two substances, between which there exists a strong at- 
traction. The acid called carbonic acid, has an affinity 
for lime, and the alkali ammonia has an affinity for muri- 
atic acid; but, on the addition of either of these to the 
solution, there is no change, because the attraction be- 
tween the muriatic acid and the lime, is more powerful 
than that between the carbonic acid and the lime, or that 
between the muriatic and ammonia; but if the car- 
bonic acid be mixed with the ammonia, and then thrown 
into the solution, decomposition instantly ensues,—the 
muriatic acid and lime are separated, and the carbonic 
acid and lime, and the muriatic acid and ammonia, unite 
to form two new compounds, the latter of which is held 
in solution, the former is precipitated. : 

Different methods have been recommended for ascer- 
taining the actual forces of affinity of different bodies. 
The only one, at first sight, plausible, is that advanced 
by Kirwan, and modified in its application by Berthollet. 
Kirwan imagined that the power of saturation, or 
neutralization of bodies, was the result of the force of 
affinity, and hence he conceived that this would prove a 
measure of ascertaining it, 

Thus, suppose 100 of A combine with 200 of B, and 

VOL. I. K 
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100 of C3; it was inferred that the affinity of A for B, 
is double that of A for C. It is forgot, however, im 
laying down this rule, that the power of attraction is 
reciprocal. B_ has as strong an attraction for A, as A 
has for B; so that if we apply it in this way, the result. 

will be very different. It has been supposed that A has. 

twice as strong an attraction for B as for C, because it | 

takes twice as much for saturation. If we now take 

equal parts of B and C, say 200, then 200 of B res. 
quire 100, while 200 of C take 200 of A for saturation ; 

so that by one way of applying the rule, the attraction 

of A and B is double, in the other it is only half that 

of A and C, so that this method is altogether inap- 

plicable. 


Proportions in which bodies combine. 


With respect to the proportions in which bodies eri 
no less than four varieties have been stated. ) 

1st, They combine, or appear to do so, in any quan- 
tity in which they are presented to each other. 

This is well illustrated in the instance of sulphuric 
acid and water, or of water and spirit of wine. Thus, 
when a drop of acid is added to a glass of water, the 
whole of the fluid acquires acid properties. On the 
addition of more acid, a union takes place, the fluid is _ 
still farther acidulated: and again, on the introduction 
of a third portion, combination is again effected, so that 
the substances appear to unite in any quantities in~ 
which they are presented to each other; and the same 
occurs in many other cases of chemical action. 

2d, Bodies unite, or appear to do so, in variable pro- 
portions, but only to a certain extent, as is observed — 
chiefly in cases of solution. Thus, in dissolving a salt-— 
in water, they appear to combine in different quantities, — 
but there is a limit to their union; the fluid will dissolve — 
a certain portion and no more, but it will take up any’ 
quantity less than this. On the other hand, if we have+— 
a certain weight of salt, we must take a certain sai 


x 
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of water to dissolve it, but it appears to unite with as 
much more as we choose to add. 

8d, Bodics combine in one fixed proportion only. 
Thus, if sulphuric acid be added to a solution of the 
earth baryta, each portion put in unites with a definite 
quantity of earth; and that it does so, in other words, 
that after the first addition of acid there is still some 
earth uncombined, is evident, for each addition causes 
the formation of more and more of the new compound. 

4th, Bodies unite in two, three, or more proportions, 
but these are always fixed, and no compound with inter- 
mediate quantities can be formed. Thus, suppose A 
combines with B, in the ratio of 1 to] by weight, but 
that other substances containing the same ingredients 
also exist, they will be in the ratio of 1 to 2, or 1 to 3, 
and these are invariably the same in whatever way the 
compounds may have been formed. ‘Thus, if tartaric 
acid be added to a solution of potassa, they unite; and 
that they do so, is evident from the fluid having neither 
acid nor alkaline properties. The substance formed in 
this way remains dissolved, but let more acid be put in, 
it unites in a definite quantity, and forms a new com. 
pound, which is precipitated, owing to its sparing solu. 
bility. Now, these two compounds always contain the 
same proportions of acid and alkali. Numerous other in. 
stances of a similar nature occur. 

When bodies unite in various proportions, the compounds 
formed often possess properties totally opposite, the differ. 
ence being as great as if they were composed of different 
substances; of which we have a good example in the elastic 
fluids, oxigen and nitrogen. ‘These, by their union, form 
atmospheric air, which is absolutely necessary for the | 
support of life. In other proportions, they generate 
two gaseous bodies, one of which, when breathed, has 
a remarkable effect on the system, while the other can. 
not be received into the lungs; but again, by their 
further union, they form the highly corrosive fluid, aqua- 
fortis. 

KR": 
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On the other hand, it frequently happens that the cont 
pound has some of the properties of the ingredient in ex- 
cess, as in the instance given of tartaric acid and potassa, 
the last formed substance having decidedly acid quali- 
ties, When the properties of the ingredients are destroy- 
ed, it is said that they have saturated or neutralized each 
other, and the terms saturation, or neutralization, are 
used to express the fact. Saturation is, however, employ- 
ed in another sense. ‘Thus, when a fluid has dissolved 
as much as it can of a solid, it is said to be saturated. 
It would perhaps be better to use neutralization for 
those instances in which the properties are destroyed, 
and to reserve saturation for cases of solution. 

Berthollet is almost the only one who has attempted to 
assign a reason, why, in some instances, affinity seems to 
produce combination without limits, and why, in others, 
there are bounds set to the operation of thislaw. It has 
been already mentioned, that, according to him, combi- 
nation is the result of affinity, modified by external cir- 
cumstances. Hence he conceived, that were it alone to 
operate, bodies would unite in every proportion, but that 
limits are set to their union by the agency of these 
powers, particularly cohesion and elasticity. Thus, 
when two fluids combine, and the compound continues 
liquid, there is neither cohesion nor elasticity to affect 
the attraction, so that the proportions in which they unite 
are unlimited. Again, when a solid is dissolved in water, 
the affinity and the cohesion are at work at the same 
time, and when the former begins to operate, the latter 
offers a resistance, but not being so powerful, it is over- 
come; as, however, the solution proceeds and approaches 
_ the point of saturation, the affinity is overpowered by the 
cohesion, and a stop is put to the farther union. If, 
however, the cohesion be by any means diminished, the 
action is renewed, and proceeds till the weakened affinity 
is no longer able.to overcome it, and hence, on applying 
heat, more of the salt is dissolved. Berthollet asserts, 
that if we could raise the temperature so as to diminish 
the cohesion, without inducing elasticity in the fluid, the 
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union would go on without limitation, were no other fo- 
reign power to put a stop to it. With respect to the 
combination of bodies in one fixed proportion, Berthollet 
supposes, that when the affinity between them is strong, 
condensation is the result; at a certain point this will be 
greatest, and at this, the cohesion of the compound strong- 
‘est, and thus a limit is put to the union. Thus, in the 
instance of sulphuric acid and baryta, already mention- 
ed, when they have united to a certain extent, it is sup- 
posed that the compound formed acquires such a power 
of cohesion, that any additional quantity of one of the 
ingredients cannot combine with the other; besides, 
the compound is precipitated, and is thus removed 
from the sphere of action. Here, then, the power 
brought into play by the operation of the affinity, puts 
a stop to the farther union; and as this will always 
take place at the same time, the proportions are thus 
rendered fixed. When there are two or more compounds 
of the same substances, it is supposed that the propor- 
tions are also determined by the operation of foreign 
powers; for though in every case there is one point at 
which the condensation is greatest, and the tendency to 
cohesion strongest, yet there may be other weaker ones 
which may also cause the bodies to combine in determi- 
nate proportions. ‘Thus, when an acid and alkali unite, 
the cohesion acquired by the compound, may render the 
ingredients fixed at this point; but it may not be such 
as to withdraw it from the sphere of action, so that it is 
still left to be acted on by any additional quantity of one 
of the ingredients. Thus, in the instance of tartaric 
acid and potassa, the first compound remains in solution, 
not having acquired such a degree of cohesion as to cause 
it to become solid ; but on adding more of the acid, by 
entering into union with the former, it gradually acquires 
such cohesion as to cause it to be precipitated, and thus 
prevent it from being acted on by any excess of one of 
the ingredients. 
The same may be said of elasticity, different degrees 
of it producing combination in variable proportions, 
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Such were the opinions at one time entertained, with 
respect to the combination of different bodies, and the 
reasons assigned for the difference in the proportions in 
which they enter into union. Were they correct, it is 
evident that the union is brought about by affinity, but 
that the quantities are determined by the circumstances 
that modify it, the affinity having of itself a tendency to 
make them unite in every proportion. Though such was 
the opinion of former chemists, it may be said that it is 
now entirely abandoned. It is now universally admit- 
ted, that when bodies combine, they always do so in 
definite proportions ; and that this is purely the result of — 
the attraction existing between them, whatever be the 
quantities employed, or the circumstances under which 
the union may take place ; and hence has arisen the doe- 
trine of combination in definite proportions,—perhaps one 
of the most important additions which the science has 
lately received, not only from the general laws which it 
has brought to light, but from its introducing a facility 
and an accuracy in analysis formerly unknown. Though 
perhaps this is not the place at which this important sub- 
ject ought to be treated of, yet, as much chemical reason- 
ing is founded on it, it may be proper to give here a short 
account of it. The particular illustrations connected 
with it will be afterwards pointed out, when giving the 
chemical history of those bodies, in which combination, 
in definite proportions, 1s most remarkable. 

Wenzel was the first who pointed out the union of 
bodies in fixed proportions ; but his investigations seem 
to have been entirely overlooked, till Richter, -about 
1'792, on considering the facts stated by him, again drew 
the attention of chemists to the subject, but even after 
this it was again forgotten, till revived by Dalton, about 
the commencement of the present century. Since then it 
has engaged the attention of many distinguished che- 
mists, more particularly of Wollaston, Davy, Gay Lussace, 
Berzelius, Prout, and Thomson, the last of whom has la- 
boured more than any other in this wide field of investi- 
gation, (Thomson’s First Principles.) ° eh 
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With respect to combination in definite proportions, 
it is asserted, 

1st, That bodies always combine in fixed proportions, 
whatever be the quantities employed, or the circumstances 
under which the union may be brought about, and that 
this is purely the result of the attraction existing among 
them. Thus, if sulphuric acid be added to any fluid 
containing lead in solution, the acid and metal unite 
always in the same proportion ; ; and that each quantity 
of acid added, combines with a definite proportion of the 
other, is evident, for each addition causes the formation 
of more and more of the new compound. If, however, we 
continue to add acid, part of it will remain uncombined ; 
and that this is the case, is shewn by putting in more of 
the solution containing the lead, by which more of the 
compound is produced. Now, let this be formed in any 
other way, its ingredients are always the same. 

2d, When substances unite in more than one propor- 
tion, which is frequently the case, these are not only de- 
finite, but it has been found, that the quantity of the 
ingredient in largest proportion in the one compound, is 
a multiple by a whole number of that in the other. Thus, 
suppose A enters into union with B, in the ratio of 1 to 
2, if another compound exist with a larger proportion of 
B, it will bein it, double, triple, or some multiple of 2; 
that is, it will be 1 to 4, to 6, to 10, &c. Thus, if car- 
bonic acid be added to lime water, a white powder is 
precipitated, which contains definite proportions of its 
ingredients ; but if more of the acid water be thrown in, 
the powder disappears, owing to the formation of a new 
compound, which contains exactly twice as much acid as 
exists in the first. 

The union of bodies in definite proportions, is well il- 
lustrated in the action of gases with each other. It was 
first shewn by Gay Lussac, (Mem. d’Arcueil, 1809,) that 
they combine either in equal volumes, or the volume of 
the one bears some ratio to that of the other. If, for 
instance, one part of oxigen gas be mixed with two of 
hydrogen, and flame approached, they unite, and form 
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a new compound, the whole of them disappearing. 
If equal volumes be taken, and treated in a similar 
manner, a union ensues; but they still combine 1 to %, 
and the same compound is formed; so that one of 
oxigen is left: and the same occurs though they be 
used in any other proportion. Farther, if there be 
two or more compounds of the same gases, the volume of 
one in the one, is always a multiple of that in the other. 
Thus, ammonia and carbonic acid form, by their combi- 
nation, two substances, the one containing equal volumes 
of acid and alkali, the other having one of the former 
and two of the latter, so that the ammonia in the last 
is just double of that in the first. Many instances of a 
similar nature occur, from which it has been inferred, 
asa general law, that gases combine in simple ratios 
by volume; that is, 1 to 1, or 1 to 2, to 3, or to 4: 
Now, as gases are merely solids converted to the ga- 
seous form, it follows, that if they combine, in definite 
proportions, by volume, the others must unite in the 
same way by weight; and as the volumes of one of the 
gases, in the different compounds, are multiples of that 
in the first, they must be so by weight in those formed 
by the union of solids. This was first pointed out by 
Wollaston, with regard to the alkaline salts. Thus, po- 
tassa and carbonic acid form two compounds. If that 
with the largest quantity of the latter, be mixed with oil 
of vitriol, the whole of the carbonic acid is set free, and 
its quantity thus ascertained. If this same compound be 
heated, carbonic acid is disengaged, equal to half of that 
got in the other way, and the compound with the smaller 
proportion is left, so that the one contains just twice as 
much as the other. What Dr Wollaston pointed out, 
in this instance, has been found to hold true in others, as 
the following table, shewing the composition of different 
compounds, will prove. 


- Carbonic oxid is composed of Carbon 75 Oxigen 100 
Carbonic acid do. do. %5 do. 200 
Protoxid chlorine do. Chlorine 45 do. 10 
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Peroxid chlorine do. Chlorine 45 Oxigen 40 
Chloric acid is composed of do. 45 do. 50 
Perchloric acid do. do. 45» do. 0 
Sulphate of potass do. Potass 60 Acid 50 
Super-sulphate of potass, do. 60 do. 100 


Numerous other instances might be given; but what 
has been said, will, it is hoped, be sufficient to enable the 
reader to understand what is meant by the union of bo- 
dies in definite proportions, and the different speculations 
connected with it. 

It has been urged against the doctrine of definite pro- 
portions, that there are facts contradictory to it, which 
are the instances of combination illustrated by Berthollet, 
particularly those of solutions, and in which fluids unite 
with each other. These, however, when more maturely 
examined, are by no means exceptions, indeed they afford, 
particularly cases of solution, strong arguments in its 
favour. Thus, in the action of fluids, though they appear 
to unite indefinitely, it has not been proved that mecha- 
nical mixture does not exist. If, for instance, a few drops 
of acid be added to water, they may unite with a definite 
proportion of the latter, and the new compound will be 
diffused through the whole; so that each addition of 
acid will cause the formation of more and more of the 
compound, till the whole of the water is taken up, and 
when this is done, the next portion of acid will be left 
uncombined, but mixed with the other. Again, cases of 
solution, though they may at first appear to be excep- 
tions, are rather in favour of the opinion, that mechani- 
cal mixture does exist. Thus, on adding a few grains of 
salt, they may unite with a definite quantity of fluid, and 
form a solution, which is diffused through the remainder 
of the water. Each addition of salt will cause the for- 
mation of more of this, to be mixed with the water un- 
combined ; and that this is really the case, appears to be 
proved by the fact, that as we continue to add salt, we 
arrive at a certain point, at which the water will not take 
up any more; hence we must infer, that the whole of it 
is already combined, and the only difference between this 
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and the former is, that as the salt is solid, any excess is 
left in this state, whereas the former being fluid, it must, 
though in excess, be mixed with the product of the ac- 
tion, which is also in the same form with itself. 

With respect to the second rule, that the proportions 
of the ingredients in the different compounds are multi- 
ples of that in the first, there are certainly instances 
in which it does not seem to hold true; but even 
these, if viewed in a certain light, may be considered in 
favour of the doctrine of proportions. ‘Thus, there are 
two compounds of iron and oxigen, the first containing 
100 of iron and 28.5 of oxigen, and the second 100 to 
42.6 ; now the oxigen in the latter is not a multiple of that 
in the former. A few other instances of a similar nature 
occur, but in that given, and in the others, the frac- 
tional part is always a half, so that still the exception 
seems connected with the general law, and the difficulty 
is easily got over. Thus, we are not certain that, in these 
eases, we have got the compound, in which the ingre- 
dients are united in smallest proportions. If, therefore, 
we suppose that there is one with a smaller quantity 
of what we assume as the variable ingredient, the case 
becomes no longer an exception. Thus, in the in- 
stance quoted, there may be a compound of 100 iron to 
14.2 of oxigen, and if so, the oxigen in the two others 
are multiples of that in the first. This mode of reason- 
ing we are warranted in adopting, first, because, as has 
been already mentioned, the fractional part is always a 
half; had it been variable, we could not have concluded 
in what proportion this ingredient might have existed: — 
but, secondly, it has actually been shewn that some of 
those cases, which appeared to be exceptions, are no 
longer so, compounds having been found, in which the 
ingredient in smallest proportion, is just what it was 
supposed it should be, so as to make it in the others 
multiples of that in the first. Thus, till lately, only two 
compounds of sulphur and oxigen were known, the one 
100 to 100, the other 100 to 150, being apparently an 
exception to the general law; but it was inferred that 
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another existed, containing 100 to 50.. This has now 
been discovered, so that the oxigen in the two long 
known, are multiples of that in the last. For the same 
reasons it is expected, that in all those instances in which 
the doctrine of multiples does not apparently hold true, 
there will be hereafter discovered compounds containing 
a smaller proportion of the variable ingredient. 

Again, instances occur of substances uniting, and in 
which apparently the doctrine of multiple proportions 
is not correct, as in the compounds of lead and oxigen. 
‘Thus, the 


Protoxid is composed of = - Lead 180 Ox. 10 
Deutoxid do do. 130 do. 15 
Peroxid do. do. 130 do. 20 


Now the oxigen in the second, is not a multiple of that in 
the first. This objection may, however, be explained 
away, by supposing that the deutoxid is not an oxid in 
which the ingredients are in a direct state of combina- 
tion, but that it is composed of certain proportions of 
the protoxid and peroxid. ‘Thus it may contain 
Protoxid composed of - - Lead 130+40Ox. 10 
Peroxid dy nee osedes + ido. - 1804do.- 20 

So that when analyzed, it shall yield 260 of lead and 30 
of oxigen, 7. ¢. 130 and 15, and that this is really its 
composition seems proved by the fact, that if it be digest- 
ed in nitric acid, a salt containing the protoxid in com- 
bination with the acid is obtained, while the peroxid 
is precipitated. 

Mr Dalton is the only one who has attempted to assign 
a reason, why substances combine in definite proportions, 
and why, when there are different compounds, the ingre- 
dients are in multiple proportions. It has been already 
mentioned, that matter is imagined to be composed of mi- 
nute particles, or atoms, as they are called, and that it is 
among these that chemical attraction operates. When, 
then, combination is produced by the operation of affinity, 
Mr Dalton has asserted that the bodies unite atom to 
atom, that is, 1 atom of A with 1, 2, 3 or more atoms of 
B, from which, if correct, it follows, that whén there are 
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more than one compound, the ingredient in largest pro- 
portion must be’a multiple of that in the other, because 
the atoms being indivisible, there can be no compound 
with half an atom. ‘These speculations of Mr Dalton, 
though they account satisfactorily for the union of bodies 
in fixed proportions, must, however, be kept apart from 
the doctrine itself. The one has been established by 
experiment, the other is merely the attempt to assign a 
reason for its existence, and whether correct or not, 
cannot in the least affect the doctrine. 

As it is now universally admitted that bodies do com- 
bine in fixed proportions, chemists express, by numbers, 
those in which they enter into union, having of course 
a standard of comparison. Water is known to be a com- 
pound of 8, by weight, of oxigen, to 1 of hydrogen ; if, 
then, we attach to hydrogen 1, that prefixed to oxigen 
must be 8. Carbonic acid is a compound of carbon and 
oxigen in the ratio of 1 to 1.33, that is, as 6 to 8, so 
that, keeping oxigen as 8, that applied to carbon must be 
6, and so on with other bodies, we may either find the 
proportions in which the body will unite with the stan- 
dard, or with any other substance which has already a 
number applied to it; thus, if 1 of A unite with 7 of B, 
and if 7 of B unite with 15 of C, then 15 of C will com- 
bine with 1 of A. 15 is the number to be applied to C. 
‘Having fixed the numbers of simple bodies, those to be ap- 
plied to compounds are the sumof those of the ingredients. 
If A be 1 and B %, then A B is 8; if C be 15 and D 20, 
‘A.D is 85; and farther, if A B combine with C D, the 
number of A BC D is 43, and so on. 

It is to be regretted that the advocates of tis doctrine 
have fixed on different bodies as their standard ; accord- 
ingly, the numbers given to different substances are not — 
the same. Dalton has adopted hydrogen, and called it 
1, while Wollaston, Thomson, and others, have chosen 
oxigen. If hydrogen be taken as the standard, the 
numbers to be applied to all other ‘bodies are integers, 
but owing to the small quantity in which it enters into 
union, they become, in many cases, very high. If oxigen 
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be used, the numbers are in each case only an eighth of 
those of the hydrogen scale, and though fractions do 
occur, yet they are only three, .25, .5, .75, so that 
small numbers and these fractions are more easily re- 
collected than large ones; besides, one half of the pro- 
portional numbers are integers. For this reason, the 
oxigen scale is usually adopted; and I intend to ad- 
here to it throughout, in giving the proportional num- 
bers, when detailing the chemical qualities of different 
bodies. Should the hydrogen scale be preferred, it is 
easy translating the one to the other, for each number, 
according to the latter, is just eight times greater than 
those of the former, because each being taken as unity, 
oxigen is eight times as heavy as hydrogen. Again, 
Mr Dalton uses the numbers to denote the relative weights 
of the atoms; for, assuming it as a fact, not only that bodies 
unite atom to atom, but that, when there is only one com- 
pound of two substances, they are one atom to one atom, 
he has endeavoured to ascertain the relative weights of 
these. Thus, if water be a compound of one atom of 
hydrogen and one atom of oxigen, and as they are in 
the ratio of 1 to 8, considering the weight of the atom 
of the former as 1, that of the latter is 8, arid so on with 
other bodies, so that the numbers applied to them may 
denote the weights of their atoms. It has been already 
mentioned, that though the speculations of Dalton ac- 
count for the doctrine of proportions, we have'no proof 
whatever that bodies combine atom to atom; it would be 
much better, therefore, that the numbers were used mere- 
ly as representing the proportions in which bodies unite, 
because, in stating it in this way, it is expressing a fact, 
whereas the other is merely the language of hypothesis. 
This is, however, the expression now generally adopted, 
and even by those who may use the numbers as denoting 
only the proportions, so that, when we speak of the atom 
of a body being 16, we view this either as denoting the 
weight of its atom relative to that of the standard, or 
the proportion by weight in which it will unite with it. 
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The practical uses of a knowledge of the laws of the 
doctrine of proportions, are numerous and important, » 

1st, By applying numbers to different substances, we 
can much more easily recollect the quantities in which 
they unite, and of course the proportions of the ingre- 
dients of compounds, than in the usual way of stating 
them in 100 parts, by which, in each, the numbers of the 
different substances vary. Thus, to take those of oxigen 
and nitrogen, according to the old mode, the composition 


is as follows: 
Nitr. Ox, 


Nitrous oxid, : - 63.5 36.5 

Nitric oxid, - . = 046.5. 53.0 

Nitreus acid, | - 30.5 69.5 

Nitric acid, ‘ " el EO 74 

But according to the atomic doctrine, they are,— 

By weight. Atoms. 
Nitr. Ox. Nitr. Ox. 

Nitrous oxid, - 17.5. 10 or 1 to 1 

Nitric oxid, = - - 17.5  Biconehe tor?! 

Nitrous acid, - 17.5 40 or 1 to 4 

Nitric acid, “ - 17.5. 50 or 1 to 5 


2d, Should a substance be discovered, by fixing its ato- 
mic number by a few experiments, we have the propor-- 
tion in which it will unite with other bodies, because their 
numbers point out the proportions in which they com- 
bine, not only with the standard, but also with each other. 
If the standard A be 1, B 2, C 3, D 4, and Z, the newly 
discovered substance, be found to be 8, which is ascertain- 
ed by finding the proportion in which it will unite with 
A, then it will combine with the others in the ratio of Z 
8, to B 2, toC 3, to D 4, or some multiple of these. 
Should it not combine with the standard, we have merely 
to find the proportional number by uniting it with any 
other body, and it will then be found to enter to union 
with all others for which it has an affinity, vee to 
the numbers prefixed to them. :: 

3d, It follows from this, that we may have recourse to 
calculation to correct the result of analytical experiments. 
Thus, if A be 1, B 2, C 3, D 4, and on analysing a com- 
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pound of CD, the result gives the proportions, C 3, D 
3.9, it is at once inferred, that there is an error in the 
analysis, and that they ought to have been 3 to 4. Far- 
ther, if A and B unite in two proportions, and the analy- 
sis gives in the first compound A 1, B 2, but in the se- 
cond, Al, B 3.9, it is also inferred, that there is an 
error, because, according to the doctrine of proportions, 
the quantity of B in the second compound must be a mul- 
tiple of that in the first, It is therefore considered to be 
Al, B 4. 
4th, We are also enabled to explain another very re- 
markable occurrence,—that when compounds are decom- 
posed, and their ingredients enter into a new state of 
combination, they are just in such proportions as to neu- 
tralize each other, so that there is no excess of any of 
them. If bodies unite according to the numbers applied 
to them, and they enter into other states of combination, 
they must combine again according to these numbers. 
Thus, suppose Al, B 2, C 3, D4, and that AB and 
CD are united in these ratios; then if A and C, and if 
B and D unite, they must again do so in the same ratio, 
A 1, C 3, and B 2, D4. One instance of this will be 
sufficient ; the composition of 
Sulphate of soda is acid 50 soda 40 = 90. 
Muriate of baryta is acid 35 baryta 97.5 = 132.5 
Sulphate of baryta is acid 50 baryta 97.5 = 147.5 
Muriate of soda is acid 85 soda 40 = 75 
Now the above table shews that the acid in 90 of sul- 
phate of soda, is just what is requisite for the neutraliza- 
tion of the earth in 132.5 of muriate of baryta, while the 
muriatie acid in the latter is that requisite for the soda 
in the former ; so that by mixing 90 of the one with 132.5 
of the latter, the ingredients enter into a different state 
of union, and there is no excess of any of them. Should 
too much of one of the salts be employed, it is left unde- 
composed. Hence it is, that in many cases of decompo- 
sition, there are no apparent marks of action, because 
there is no disengagement of any of the component parts. 
Connected with the doctrine of proportions, are some 
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remarkable laws with respect to the union of gases. ‘The 
law laid down by Gay Lussac, has been already noticed, 
that gases unite in ratios the most simple. ‘There is, 
however, another very important one with respect to 
the volume occupied by the product. When gases 
unite, and the compound is gaseous, there is either no 
change in the volume, or if there be a diminution or en- 
largement, it bears a simple ratio to that of one of the in- 
gredients. Thus, 
Chlorine 1, Hydrogen 1, give Muriatic acid 2. 
Nitrogen 2, Oxigen 1, = Nitrous oxid 2. 
So that in the first there is no change in the bulk, but 
in the last, in which there is a diminution, it is equal to 
that of the oxigen. The same law is applicable also to the 
union of gases with solids, the product being gaseous, 
there being either no change, or the diminution or en- 
largement bears a ratio to that of the simple gas. Thus, 
Oxigen 1 vol. + Carbon give Carb. acid 1. 
Oxigen 1 + Carbon = Carb. oxid 2. 
Hydrogen 2 + Carbon = Carb. hydrog. 2. 
So that in the first the product occupies the same space 
as the simple gas, in the second the enlargement is the 
same as the volume of the oxigen, and the diminution in 
the last is equal to half of the hydrogen , 
The knowledge of these laws is also of the utmost im- : 
portance in analytical chemistry, because we are by them — 
enabled to ascertain with the utmost accuracy the speci- — 
fic gravity of compound gases, or knowing their specific 
gravity, we can infer the proportions of their Ingredients. — 
If oxigen give its own volume of carbonic acid, it Is evi-_ 
dent that the latter must be heavier than the former, by 
the weight of the carbon with which it has united; so — 
that, deducting the specific gravity of the oxigen from that ? 
of the acid, the remainder must be the weight of the car- _ 
bon, and thus we have the proportion of the ingredients. — 
Again, one of chlorine gas unites with one of hydrogen 
to form two of muriatic acid, so that its specific gravity 
must be half the sum of those of its ingredients, because 
in one volume there is half a volume of each. If two of 
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nitrogen, and one of oxigen, give two of nitrous oxid, its 
specific gravity must be the specific gravity of nitrogen, — 
+ half that of oxigen, because, as the three are condensed 
into two, each volume must have one of nitrogen, and 
half a volume of oxigen, so that the specific gravity of 
a compound gas is easily found by dividing the sum of 
the weights of its ingredients by the volume occupied. 
Nitrous oxid.is composed of 2 of nitrogen, and 1 of oxi- 
gen, condensed into 2, and the specific gravity of the for- 
mer is 972.2, and of the latter 1111.1, so that that of ni- 
trous oxid is 
972.2 x a W111 1597.7. 

Since solids combine with gases, and form gaseous pro- 
ducts, we may easily conceive that the former has as- 
sumed the gaseous form; and thus also we find the spe- 
cific gravity of this substance, were it in the gaseous state. 
The specific gravity of oxigen is 1111.1, that of carbonic 
acid is 1527.7, and:as the latter contains its own volume of 
the former, then 1527.7 — 1111.1 — 416.7. Again, the 
specific gravity of carbonic oxid is 972.2, and each volume 
contains half its volume of oxigen, then 972.2 —555.5, half 
the specific gravity of oxigen = 416.7. So that 416.7 must 
be considered the specific gravity of carbon vapour, could 
we get it in this state. ‘The same may be done with 
other solids, and the utility of considering the solid in- 
gredients of gaseous compounds in this way is obvious. 
Thus, it has been stated, that carburetted hydrogen con- 
tains twice its bulk of hydrogen compressed into one, 
and the specific gravity of this gas is 555.5, that of hydro- 
gen being 69.4. Now 69.4 x 2 = 138.8, and 555.5 — 
138.8 — 416.7, so that it is a compound of 2 volumes of 
hydrogen, and 1 of carbon vapour. But there is another 
gas containing the same ingredients, the olefiant, and in 
each volume of which there are also 2 of hydrogen. Its 
specific gravity is 972.2, now 972.2 — 138.8 — 833.4, 
but §534 — 416.7; so that it contains 2 volumes of car- 
bon, or exactly twice as much as the other. 

Connected with the atomic doctrine, and the theory of 

VOL. I. L 
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volumes, is the general law announced. by Prout, (An. of 
Ph. vi.) that the specific gravity of a gas is easily ascer- 
tained, by multiplying its atomic weight. (oxigen being 
the standard,) by 555.5, or half the specific gravity of 
oxigen ; and that it must be so isobvious. If when gases 
unite atom to atom, they were in equal volumes, it is evi- 
dent that the atomic weight would represent their speci- 
fic gravity, but this is rarely the case ; indeed, considering 
oxigen as the standard, and supposing its atom to be re- 
presented by a volume, those of other gases are denoted 
by two volumes. Thus, water which contains an atom: 
of each of its ingredients, is composed of 1 of oxigen, and 
2 of hydrogen. Nitrous oxid, consisting also of an atom 
of each of its constituents, consists of 1 of oxigen, and 2 
of nitrogen, so that since the atoms by volume are 2 to 
1, their specific gravities are not as their atomic weights, 
but as the atomic weight of the one, multiplied by half 
the specific gravity of the other. Thus, oxigen being 
1111.1, that of hydrogen is 69.4, its atom being 1.25; 
and that it is so, the above formula will shew. 
1,25 x 555.5 = 69.4. | 
The atomic weight of nitrogen is 17.5, and 17.5 x 555.5 
== 972, which is its specific gravity. . 


Connected also with the atomic doctrine, is the sliding 
scale of chemical equivalents, constructed by Wollaston 5 
for an account of which, see Appendix. | 


PART II. 


SECTION I. 


A'TMOSPHERE. 


Berorz proceeding to detail the chemical qualities of 
different bodies, I think it proper to state a few of the 
mechanical properties of the air of the atmosphere, be- 
cause it is necessary that the reader be made acquainted 
with the leading facts concerning the pressure of the air, 
which has so important an influence over many of the ope- 
rations of chemistry ; indeed, it is impossible to carry on 
some of these, and at the same time exclude its agency. 
It must not, however, be supposed, that I am to enter 
fully into this subject, as it is one properly belonging to 
mechanical philosophy. - 

The air of the atmosphere, or that mass of aerial fluid 
which surrounds the globe, has, since experimental philo- 
sophy began to flourish, been a subject of particular in- 
terest, more especially with respect to its mechanical pro- 
perties, which were sooner made known than its chemical 
ones. ‘ 

Air is inodorous. salt tasteless; it is also transparent 
and colourless, hence of course it is invisible. It possess- 
es the three distinctive mechanical properties of all aeri- 
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Od 
form fluids, ¢enwity, compressibility, and elasticity.— By 
tenuity is meant, that the particles are far removed from 
each other. The specific gravity of air is reckoned 1000, 
other aeriform substances being referred to it as the stan- 
dard. At 60F. and barometer 30, 100 cubic inches 
weigh 30.5 grs.—By compressibility is meant, that the 
particles may be brought nearer each other, or that it 
may be made to occupy less space than it naturally does. 
Thus, if it be subjected to pressure, it is diminished, as 
is shewn by taking a bent tube shut at A, and open at 
B. By pouring in a little mercury, so as to occupy the 
bent part at C, air is confined in the shorter limb, and 
we can subject this to pressure by putting in more mer- 
cury, say to D, by which that in the opposite one rises, 
say to E, proving that the air is reduced in ~ 9B 
volume. If it be poured in to F, it will rise vl 
in the other, say to G, shewing that it is 
still farther diminished. It has been prov- 
ed by experiment, that the diminution is in Dp 
proportion to the pressure : That is, if 
twice the pressure which it usually sustains 
be applied, it is reduced to one half, if four 
times the pressure, to one fourth, and so on. 
Some experiments have been lately perform- CG _ 
ed by Mr Perkins, by which it is said he has been. en- 
abled to apply so great a compressing force, as actually 
to cause it to become liquid. Y 
It is remarkable that, in compressing air, caloric i ‘ 
evolved, and if the compression be sudden, the heat gene- 
rated is sufficient to set fire to inflammables. In work- 
ing the condensing syringe of an air gun, it always be- 
comes warm. Here, however, much of the heat evolved 
must depend on friction, but by a particular contrivanc 
tinder can be kindled, or even gunpowder exploded | 
merely by the condensation of air, and if the apparatus 
in which the compression is effected, be terminated by a 
glass ‘tube, light is observed to be disengaged. The 
practical application of this fact has been already explain- 
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ed, (see p. 86.) and the opinions entertained with respect 
to the generation of the heat, have been given at p. 87. 

As the pressure is removed, the air regains its former 
size, or if part of that which it always sustains is with- 
drawn, it enlarges; hence it is said to have elasticity. 
The elasticity of the air is shewn by placing a bladder 
half full of it, under the receiver of an air-pump, and ex- 
hausting ; as we withdraw the air, in other words, di- 
minish the pressure, the bladder becomes distended, 
from the enlargement of that within it; indeed, the 
whole operation of the pump itself depends on the elas- 
ticity of the air; for when the piston is drawn up, 
by which a vacuum is produced, that in the receiver, 
owing to its elasticity, expands, and part of it rushes 
into the syringe. When the piston is forced down, this 
is expelled through the valve; and on again raising 
it, more is drawn out, so that, by alternately raising and 
depressing it, almost the whole may be withdrawn. It 
is evident, however, that the whole cannot be taken out; 
for when the elasticity of what remains in becomes 
trifling, it ceases to move the valve, so that any farther 
working of the pump does not withdraw more. The 
more easily, therefore, the valves are moved, the more 
nearly does the vacuum approach to a perfect one. 

Experiments have shewn, that the enlargement keeps 
‘pace with the diminution of pressure; that is, if one- 
half of the original pressure be removed, it is doubled 
in its volume, and so on. 

Air is also possessed of weight; but this differs ac- 
cording to the height of the place at which it is taken. 
’ As that below sustains all above it, it is much compress- 
ed, and is therefore the heaviest. The weight of the 
air, in other words, the pressure of the atmosphere, is 
proved in many ways. If a receiver be placed on the 
plate of an air-pump, and exhausted, we are unable to 
move it, because it is kept down by the weight of the air 
around it. If, instead of using the receiver for this ex- 
periment, a white iron cylindrical box be employed, as 
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the air within is withdrawn, the sides are driven in; not 
being able to sustain the weight of that around it. Or 
if a long tube, with a stop-cock, be exhausted by the 
pump, and then have the cock opened under water, 
the fluid will be forced in by the pressure of the air on 
the surface of that in the basin. It has been ascertained 
by experiment, that the*pressure of the air is, on an 
average, equal to 15lb. on the square inch, which is the 
same as that of a column of mercury of 30 inches. 
If, therefore, a long tube, shut at one end, be filled 
with mercury, and inverted in a cup of the same fluid, 
only part escapes; there will remain about 30 inches, 
retained there by the pressure of the air on the surface of 
that in the cup. Were the pressure increased, the mercury 
would stand higher ; were it, on the contrary, diminished, 
it would be lower, and hence the use of a tube containing 
mercury, and inverted in a basin of it, as a measure of 
the pressure of the atmosphere; and as the air varies in 
weight, according to its state with respect to dryness and 
moisture, we have thus an indication of any change likely 
to take place in the weather. The instrument is called a 
barometer, @aegvs, heavy, and pcre, a measure. If the mouth 
of the tube, in the former experiment, be plunged under 
water, the mercury will escape, and the water will rise; 
but, in this ease, it will fill the tube, because, being s 
lighter, the air can sustain a greater column of a 
it has been found, that the pressure of the ait is_ 
equivalent to that of a column of water, of about 34 
feet ; so that, if the tube were of this length, the water 
would fill it, being forced in by the pressure of the 
air. Hence it is that we are enabled to raise al 
only to a certain height in a pump; for when the piston 
is drawn up, a vacuum is produced, which is imme- - 
diately filled by the fluid at the bottom being forced i ino 
by the air pressing on it; but when this is brought up to 
about 34 feet, any further working does not elevate 
the water more, because, though a vacuum be pros 
duced, the pressure of the air cannat sustain a longer — 
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~ From what has been said of the pressure of the atmo- 
sphere, its agency in some experiments previously noticed 
will now be apparent. In the filling of thermometers, 
(see p. 14.) and in the experiment by which the conden- 
sation of vapour was proved, (p. 67.) it was it that caus- 
ed the rise of the fluid into the apparatus. 

Since the lower column of air sustains the pressure of 
that which is above it, we must pay particular attention 
to this circumstance, when experimenting on it, because 
it must change its volume according to the pressure, and 
unless, therefore, we know that to which it is subjected, 
we may be deceived with respect to the actual quantity 
on which we are operating. 

The volume of air confined in jars, over fluids, may be 
altered in three ways :—Ist, By the pressure of the at- 
mosphere varying.—2d, When the fluid over which the 
jars are standing, is not on a level on the outside and 
inside.—3d, By an alteration of temperature. - 

Ist, As the change of pressure causes a variation in 
the bulk of air, it has generally been agreed on, in stat- 
ing the results of experiments, to fix on a certain pressure 
as a standard. This is when the barometer is at 30. In 
experimenting on it, should the barometer not stand at 
30, or should any variation have taken place during the 
performance of the experiment, we must make allowance 
for it; which is done by the following formula. 

To reduce air at any pressure, to a standard pressure, 
(bar, 30.) multiply the volume by the pressure, and divide 
the product by 30. 'Thus, suppose we have 20 cubic 
inches at 29, and wish to know what space they would 
occupy at 30, 


20 x 29 — 580 and ee — 19.3 


so that 20 cub. inches at 29 would be 19.3 at 30; of course 
this applies whether ‘the pressure is greater or less than 
the standard, and by it also the volume at any pressure 
can be ascertained, : | 

2d, When air is confined in a jar, and the fluid not 
on a level, it does not sustain the usual pressure, 
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and is therefore not of the proper bulk. If it be 
highest on the outside, the air is diminished, because, 
in addition to the usual pressure, it has that of the | 
column of fluid; if, on the contrary, it is highest on 
the inside, it is enlarged, because some of the pressure — 
being spent in keeping the fluid in the jar, the air over 
it is deprived of a part, in other words, it has the pres- 
sure of the atmosphere minus what is necessary to. 
sustain the column of fluid. If mercury be employed, 
the change in volume, owing to its weight, is consider- 
able. In experimenting on air in jars, standing on a 
water or mercurial trough, we must attend particularly 
to this circumstance; if the trough be deep enough, we 
ought always to bring the fluid to a level, and this must 
be attended to especially with mercury, because, owing 
to its great weight, any slight difference makes a con- 
siderable variation in the bulk. If we cannot bring the 
fluid to a level, allowance must be made by ne follow- 
ing formule. 

If the fluid be highest on. the sisted subtract its 
height from that of the barometer, multiply by the volume. 
of air, and divide ba y the standard pressure.. Thus, sup- 
pose 20 inches of air in the jar, and the mercury three 
inches above the level, 9 4 <0 ee 

540 ae : 
30 — 3 = 27 x x 20 ane = 18 nd 
So that 20, were the mercury at a level, would be 18. + 
If the fluid on the outside is highest, then, instead of 
subtracting, we must add the height of the fluid to that of 
the barometer, multiply by the volume, and divide by the. 
standard. ‘Thus, suppose the fluid 3 inches higher on 
the outside than the inside, and we have 20 inches of air : ig 
30 + 5 = 53 x 20 —S" _ 92 | 
By dividing by 30, the standard height of the — 
we reduce the air to the space it ought to occupy, were 
the fluid on a level, and were the barometer at the — 
average height. i ae. 


As the pressure of the Erneta can support a 
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column of water of 34 feet, or 408 inches, we must use 
this instead of 30, when air is confined over it. Thus, 
suppose as before, the difference is 3 inches, 

8100 


ee — 1 85 
8220 
or, 408 + $ = 411 x 20 = = 20.14 


3d, The volume of air may be varied by a difference 
in temperature. Air does not suffer any alteration by 
the addition or abstraction of heat, excepting a change 
of volume: but different statements have been given of 
the change produced. Sir G. Shuckburgh asserts, that 
in rising from 32 to 50, it is increased 1-412th part for 
each degree. Roy, on the contrary, says that the in- 
crease is 1-419, while De Luc makes it 1-480, with which 
the experiments of Dalton, (Manchester Mem. v.) and 
Gay Lussac, (An. de Ch. xliii.) very nearly agree. This | 
is now universally allowed to be the change effected ; 
1-480th part for the addition of a degree at 32. Know- 
ing this, we can easily reduce the volume from any tem- 
perature to the standard 60 F. or to any other tem- 
perature, by the following formula. 

Add the number of degrees which the gas is above 
32, to 480, and we get the first number of the formula. 
Add the number of degrees which the required tempera- 
ture is above 32, to 480, and the product will be the 
second number. The volume of the air at the given 
temperature, is the third, and the fourth will give the 
volume required. (An. of Ph. vi. N. S.) 

Thus, it is wished to know how much 100 cubic 
inches of air, at 60, would occupy when heated to 96. 
60 — 32 — 28 + 480 — 508 
96 — 32 — 64+ 480 — 544 
508 : 544: : 100 : 107.08. 

Suppose the temperature is to be reduced. Thus, the 
volume of 100 inches, when reduced from 75 to 40, is 
required. 

75 — 382 — 43 + 480 — 523 
40 — 82 — 8 4+ 480 — 488 
523 : 488: : 100 : 93.3. 
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According to Davy, (Phil. Trans. 1823,) the expan- 
sion of air by heat is the same, whatever be the density. 
If, for instance, it be under double its usual pressure, 
that is, reduced to one half, and heat applied, the en- 
largement is just the same asif air of usual density were 
employed. 

The preceding remarks, with respect to the change 
produced in the volume of air, whether by an alteration 
in the pressure of the atmosphere, or of temperature, or 
by the fluids in the jars not being on a level, apply to all 
bodies in the aeriform state. It has been found by nu-— 
merous experiments, that all gases are equally changed 
by equal alterations of temperature, or pressure, so that 
should any gas be the subject of experiment, the requir- 
ed volume is found by the same formule. Hence, it is 
unnecessary, in detailing the chemical history of gases, 
to state the changes Ree by the variation of pressure 
or temperature. 

Among the ancients, air was considered one . of the 
elements. About the middle of the last century, Hooke 
and Mayow inferred, from its supporting combustion, 
that it was a compound; but this was mere conjecture, 
they did not support their opinion by experiment. It 
was not till towards the end of the century, that it was — 
discovered to consist of different ingredients. The ex- q 
periments of three chemists, performed nearly about the — | 
same time, and unknown to each other, proved satisfac- _ 
torily that it is composed of two substances, possessed of — 
opposite properties, one supporting) combustion and re- 
spiration, the other having neither of these qualities. 
Besides these, air contains other substances, but which — 
may be considered adventitious,—they. are watery va- — 
pour, and the elastic fluid called carbonic acid. But the — 
consideration of this subject will. again be resumed, after 
having described the properties of the ingredients of the 
air, oxigen and nitrogen. Hale oil 
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ACIDIFYING AND ALKALIFYING 
PRINCIPLES *. 
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'l'we merit of the discovery of this important substance, 
perhaps the most widely diffused and energetic in nature, 
is due to Priestley, Lavoisier, and Scheele. ‘These emi- 
nent chemists were nearly about the same time carrying 
on experiments in different countries, by which each, un- 
known to the others, discovered the elastic fluid, and 
proved it to be a distinct body. Priestley has, however, 
the merit of priority. In 1774, he procured a quantity 
of it, by exposing to the sun’s rays, concentrated. by a 
lens, the substance called red oxid of mereury, but bet- 
ter known by the name of red precipitate, by which an 
aeriform matter was disengaged, having the power of 
supporting combustion with a flame much more brilliant 
than that in atmospheric air. Scheele in 1777 obtained 
it, by subjecting nitre or saltpetre to heat ; and Lavoisier 
procured it in the same year, by a process similar to that 
of Priestley. 

Since its discovery, it has had different names. It was 
at first termed vital and empyrcal air, from its power of 
supporting respiration and combustion, and from a hy- 
pothesis which at one time existed with respect to the 


* By the term alkali, is here meant a salifiable base, or one which, with an 
acid, will form a salt. 
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nature of the latter, it was termed dephlogisticated air. 
These have, however, now given way to that of oxigen, 
derived from a property to be immediately mentioned. 
-Oxigen gas is transparent and colourless, hence it is 
invisible. It has neither taste nor smell. It of course 
possesses the three distinctive features of all aeriform 
bodies, tenuity, compressibility, and elasticity. It is 
heavier than atmospheric air; but different statements 
have been given of its specific gravity. According to 
Kirwan it is 1103, to Davy 1127, and to Allan and Pe- 
pys 1108. Dr Prout and Dr Thomson, however, make 
it 1111.1, which is generally considered to be correct.— 
100 cubic inches at 60 F. and Bar. 30, weigh 33.9 gr. 

Caloric causes no change in it, except in volume, the 
expansion follewing the ve mentioned, 1-480th part for 
each degree at 32. It has not yet been condensed, either 
by the abstraction of heat, or by. pressure. 

Light has no action on it. It has been mentioned, 
however, by Biot, that light is disengaged, when glass. 
balls filled with it are broken in vacuo, and from which 
he infers that the light proceeds from the gas itself. 
Others have, however, asserted, that it is extricated by the 
particles of glass rubbing violently against each other, . 
which is rendered probable by the ‘listo v aici of Mr 
Hart, (Lond. Journ. XV.) that. air discharged from an 
air-gun, emits light only, when particles of sand, or other 
hard substances, adhere to the wadding, and rub against 
the sides of the barrel during the discharge. | 

The distinguishing feature of oxigen gas, is its power | 
of supporting combustion and respiration. Many in-_ 
flammables, when put into it, instantly take fire; but 

others require an elevation of temperature, and all of — 
them burn in it with great splendour. If, for instance, 
a candle which has just been extinguished, but still hav- 
ing the wick red, be put into a vase of it, it is kindled) ‘ 
and burns with a bright white flame. 

Phosphorus burns in it with astonishing splendour. 
For this purpose, having filled a vase, A, with it, intro- 
duce a small piece of phosphorus, resting on a copper 
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cup and stand, B, and then touch it with a hot 
wire, and place a piece of tinned iron on the 
mouth, C. The moment the phosphorus is 
heated, it takes fire, and the combustion is 
brilliant, though of short duration. In this 
experiment, it is necessary to have the vase 
placed on a large plate, because, owing to the sudden ge- 
neration of heat, it is apt to be broken. 

Some of the less inflammable bodies also burn in oxi- 
gen gas. Thus, when iron in the state of fine wire is 
heated in it, the combustion becomes very brilliant, and 
it can be shewn, at the same time, that the gas is con- 
sumed. For this purpose, into a jar of the 77 
gas A, open at both ends, and standing on C 
a plate of water, B, introduce at C, a coil 
of very fine iron wire, the end of which be- 
ing tipt with sulphur, is previously kindled. 
It instantly becomes red hot, and is gradual- 
ly consumed, emitting a bright white light ; 
at the same time, if the cork to which it is [——J |p 
fixed at C, is tight, the water will rise, and fill the jar, 
being forced up by the pressure of the atmosphere. 

Numerous other instances of combustion in oxigen, will 
be afterwards given when describing the qualities of 
the substances with which it acts. In many of these, the 
product of the action has acid properties ; ‘and hence the 
name of oxigen, derived from the Greek words ofvs, acid, 
and ywao, to generate, being at the time this was given it, 
supposed not only to generate acids, but to be the only 
generator of these bodies. Though by its union with 
others it forms compounds not acid, and though it is now 
known that acids exist which do not contain oxigen, 
yet the name is still retained. 

Oxigen gas is likewise necessary for the support of life, 
as an animal, when deprived of it, quickly dies. If one 
be confined in a given quantity of it, it will live much 
longer than in the same bulk of air; but pure oxigen 
does not seem well adapted for respiration, for an ani- 
mal dies in it, even though enough is left to support 
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the life of another for some time. ‘The death seems to be 
occasioned by its powerful stimulating effects; and hence, 
in the air of the atmosphere, it is greatly diluted with 
another gas, which appears to. possess negative qualities 
on the animal system. vom sii 
Oxigen is a universally diffused body ; a large part of 
the air is composed of it, (Sce Nitrogen.) It is also a 
component part of many other bodies presented’ by na- 
ture. It does not, however, occur any where pure; we - 
are obliged, therefore, to have recourse to the decompo: 
sition of its compounds, when we wish to prépareit. ‘That 
from which it is usually procured for common purposes, 
is oxid of manganese, (See Manganese); but when re: 
quired for particular experiments, it is generally obtained 
from red oxids of mercury or of lead, or from chlorate 
of potassa, (which see.) | us 39 
Soon after the discovery of oxigen gas, it was thought 
that the breathing of it would prove of great service to. 
those affected with pulmonary complaints; but the ac. 
counts given of its effects are very contradictory, some as- 
serting that it really was useful, while others stated not _ 
only that it was of no service, but that it proved inju- — 
rious. Oxigen gas, mixed with from 1-20th to 1-10th of 
nitrogen, the other ingredient of the atmosphere, has been ; 
breathed, and it is said with the utmost success, in a case — 
of dropsy of the chest. | Oni . 
It has been already mentioned, (p. 156.) that chemists S 
now attach numbers to different substances, according — 
to some, to show the proportions in which they enter into 
union, according to others, to denote the weight of their 
atoms; but of course a standard is necessary, as it is only a 
by comparison that we speak of the atoms. For this $ i 
purpose, most have chosen oxigen, while some have fixed 
on hydrogen. It is unnecessary to state the numbers —— 
given by different authors; it will be much better, as 
less likely to create confusion, to keep to one throughout. 
I adopt oxigen, because, taking it as 10, the numbers to q . 
be applied to other bodies are small ; besides, it is the | 
standard of Dr Thomson, who has laboured most in the 
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elucidation of the atomic doctrine. We are to consider, 
then, the atom of oxigen as 10. | re 
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BrroreE proceeding to detail the pes of hydro- 

gen, as it belongs to the class of substances long known 

by the name of inflammables, it is necessary to state the 

different circumstances concerning inflammation or com- 

bustion, and to give briefly the opinions which have been 

entertained respecting its nature. 
The remarks to be made apply chiefly to common 

cases of combustion, that is, to combustion carried on in 

the usual way in atmospheric air. . 


Combustion. 

By combustion is meant that certain bodies, when heat- 
ed to a due pitch, begin to emit both heat and light, 
and which they contiuue to do for some time; they seem 
also to be consumed, at least the products are in many 
cases not apparent. 

The substances that undergo this change, are called 
inflammables or combustibles. A combustible is easily dis- 
tinguished from an incombustible. When heat is added to 
the latter, it arrives at the temperature of the surround- 
ing medium; but the moment that we cease to apply it, 
its temperature falls. When, on the contrary, the for- 
mer is heated to a certain height, it gives forth heat and. 
light, and continues to do so for some time, though the 
means by which its temperature was raised is withdrawn. 

It has been said, that some inflammables appear to be 
annihilated during combustion. ‘Thus, when strong spirit 
of wine is kindled in a saucer, the whole of it disappears. 
But, in this case, it is not annihilated; it is merely 
changed into other bodies which we do not observe, 
because they are in the gaseous form. That the sub- 
stance is not annihilated, may be shewn by setting fire to a 
piece of phosphorus, and putting a bell glass over it, by 
which a white flaky matter is formed, and deposited on 
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the sides of the apparatus. The same is the case in every 
instance, the inflammable being merely converted ie: 
another body. 

Some. bodies btirn with a bright flame, while others 
give out. “veky little light. It-ds anak ables ‘also, +t tha 
inflammables' emit different coloured lights. In general, 
those that burn at a low temperature disengage 1 the mos 
refrangible rays; thus, sulphur, when burning slowly, has 
a blue flame. Those, on the contrary, which require 
high heat for their combustion, give out the least refran- 
gible rays. Charcoal which excites an intense heat, 
emits red light copiously. When the temperature is very 
high, and the combustion rapid, the different rays ”" | 
emitted in due proportion, constituting white light... 

To keep up combustion, air, or some body that will s sul 
ply oxigen, is necessary. A candle will not burn in at 
exhausted vessel ; the flame is even extinguished, unless 
the air be renewed. ‘Thus, if a lighted taper be put into 
a jar of air, standing over water, the combustion con 
tinues but for a short time. | | 4 | 

Air, also, in which a candle has been burned, is reduc- 
ed in volume, and its properties are completely changed, 
but to shew that this is the case, some contrivance mu 
be resorted to, to prevent its escape when expanded t by 
the heat. If sulphur or phosphorus, A, be kindled, anc 
a jar open above and below, B, but having i 
a tube with a bladder fitted to the’ upper ; 
aperture, C, be placed over it, the air 
at the bottom being confined by water ina 
basin, D, the combustion continues but for a ~ 
short time; and after it has ceased, and the 
apparatus become cold, the fluid rises in the 
jar, E, shewing that part of the air has been 
consumed. If a taper be put through the ae 
upper aperture, into the residual gas, it is extinguished a | 
but before doing this, it is necessary to pour in wat 
into the basin, to bring it on a level with that in t 
inside, and thus, when the stOpPeny 1S removed, - preve 
the admission of air. SEES: ont 
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When a substance is deprived of its inflammability, 
this can be easily restored by subjecting it to heat along 
with another inflammable, but excluded from the air. 
Thus, if the product of the combustion of phosphorus be 
heated in an earthen retort with powder of charcoal, a 
substance comes off which is inflammable; in fact it is 
phosphorus, the body with which it had previously unit- 
ed during its combustion having been taken away by the 
carbon. 3 

So early as the year 1665, Dr Hooke threw out the 
conjecture, that there is something in air which has the 
property of dissolving combustibles, when its temperature 
is elevated, and that the solution goes on so rapidly, as 
to occasion the emission of heat and light, which were by 
him considered merely motion. He even supposed that 
this substance is the same as exists in nitre or saltpetre, 
an opinion which was afterwards for a long time entirely 
neglected. How far he was right, and how nearly he an- 
ticipated Lavoisier and others in their brilliant discove- 
ries, will be immediately noticed. Becchar afterwards 
proposed an explanation of combustion, altogether diffe- 
rent from that of Hooke, which was more fully illustrat- 
ed by his pupil Stahl, so much so, that it received the 
appellation of the Stahlian doctrine, and which was soon 
afterwards espoused by almost all philosophers, and con- 
tinued for a long time to sway their opinions. 

Stahl conceived that there was contained in all in. 
flammables, a principle which, when extricated, produc: 
ed the phenomena of heat and light. Becchar, who first 
threw out the conjecture, supposed that it was matter, 
and gave it the name of inflammable earth; but Stahl 
considered it merely as the cause of heat and light; and 
ealled it phlogiston; and -hence his doctrine has been 
termed the phlogistic doctrine. 

Phlogiston’ was supposed to be the same in all. bodies. 
By its extrication heat and light were produced, and it 
assumed its proper elastic form, the substance from which 
it was evolved, becoming no longer inflammable ; owing 
to its subtlety and tenuity it could not be collected, ‘so 
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that its presence was known only by its effects. It might 


be made to pass from one body to another, and impart 


to it inflammable properties. Other remarkable qualities _ 


were also attributed to it, such as its communicating duc: 
tility and malleability to metals. | : f 

Stahl, in advancing the doctrine of phlogiston, over- 
looked a very material point. It was natural to sup- 
pose, that when a body parted with it, it should become 
lighter. It was soon, however, discovered that the re- 
verse was the case, the substance, after undergoing com- 
bustion, in other words giving off its phlogiston, actually 
becoming heavier. When this was ascertained, it was 


brought forward as an objection, and certainly a very 


strong one, to the hypothesis ; but it was very easily ob- 
viated by its supporters, by attributing to phlogiston an- 
other and very remarkable property, that it was actually 
possessed of levity, consequently, when added to a body, 
it made it become lighter, and of course, when the inflam- 
mable underwent combustion, and parted with its phlo- 
giston, it became heavier, being deprived of something 
which had communicated lightness. | 

Though it had been shewn that atmospheric air had 
an influence over combustion, Stahl completely disre- 
garded this in advancing his opinions; but when it was 


clearly established, not only that it was necessary, but — 


that it was actually changed in its properties, it was ima- 
gined that it drew the phlogiston from the inflammable, 
and by uniting with it thus became vitiated. 


With all these glaring deficiencies, the doctrine of — 
Stahl, under these modifications, stood its ground till the | 


discoveries of chemists with regard to elastic fluids, dif- 
ferent from that of the atmosphere, again drew their at- 


tention more particularly to it. At this time the actual — 


existence of phlogiston had not been proved; at last Kirs 


wan endeavoured to shew that it was the light aerial 
fluid hydrogen, which he imagined entered into the com- 
position of every inflammable, and which during com- 
bustion was liberated and united with the air. 


During the time that philosophers were busily engag- 
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ed with these disputes, Lavoisier was employed in exa- 
mining the phenomena of combustion, which he was in- 
duced to do by the numerous strong objections that had 
been urged against the phlogistic doctrine, as of the body 
becoming heavier, and the air being vitiated by this pro- 
cess; but he seems to have had his attention drawn to 
the subject more particularly, by some experiments on 
the calcination of metals. 'These made him at first doubt 
the hypothesis of Stahl, and at last, after numerous well- 
conducted experiments, he boldly asserted that there 
was no such thing as phlogiston, and that all the pheno- 
mena of combustion could be satisfactorily accounted for 
without it. He clearly proved that the presence of air, 
or of some body that could furnish ovigen, was indispen- 
sable, that it was diminished in volume, and that the in- 
flammable itself became heavier, owing to its union with 
the oxigen. He even shewed that the weight acquired 
by the latter, was equal to the loss sustained by the for- 
mer, and also that the oxigen which thus united with the 
inflammable, could again be communicated from it to an- 
other, or could even be obtained in its pure state; and 
when thus procured, it was found to be equal in weight 
to that abstracted from the air. From these and other 
discoveries, Lavoisier maintained that combustion depend- 
ed on the union of an inflammable with oxigen. 

‘In attempting to account for the evolution of heat and 
light, Lavoisier naturally had recourse to the important 
discovery of Black, with respect to the emission of heat, 
during a change of form. He conceived that the oxigen 
of the air, in combining with the inflammable, gave forth 
that large quantity of caloric, which was necessary to 
keep it in the elastic form. He, however, extended this a 
little farther. He considered oxigen gas a compound of 
the matter of fire, and an unknown base, the latter of 
which entered into union with the inflammable, while the 
former, being evolved, caused both heat and light. 

When the theory of Lavoisier was first made known, 
such was the blind adherence to the opinions of Stahl, : 
that it met the most violent opposition, and it was not ° 
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till after. a long time that the French chemists avowed 
themselves converts to it. At last the doctrine of Phlo- 
giston was completely abandoned, and the more rational 
theory of Lavoisier substituted in its place; at least, 
that combustion depended on the. union of an  inflam- 
_mable with oxigen; for Lavoisier very properly sepa- 
rated the facts, by which he established the truth of his 
doctrine, from the hypothetical part, by which he endea- 
voured to explain the origin of the heat and light *. 

Though it is now universally admitted, that the phe- 
nomena of combustion are occasioned by the union of an 
inflammable with oxigen, we are as yet undecided with 
respect to the origin of the heat and light, some suppos- 
ing that they proceed from the oxigen, others that: the 
caloric comes from it, while the light is. emitted by the 
combustible. 

It has been already nientioned; that two onic 
are entertained concerning the state in which calorie 
exists in bodies. According to some, only part affects 
the temperature, while the remainder is in strict chemical 
union; according to others, bodies having different capa- 
cities for caloric, they contain different quantities ; but 
the whole of it affects the thermometer. 

Lavoisier, and those who adopt the former of these 
opinions, have maintained that the oxigen unites with the 
inflammable, and that the combined caloric, that which 
kept it in the aeriform state, is set free, because there ex- 
ists a greater attraction between the inflammable and thé 
base of the oxigen, than between the base and the calo- 
ric. A different view of the subject has, however, been 
proposed by Crawford, founded on the doctrine of capa 
city advanced by Irvine, and which was applied by him’ 
to account for the generation of heat and cold during 
chemical action. He examined carefully the capacities 
of oxigen gas, of the different inflammables, and of the 
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* From what has now been said, it will be observed how very nearly Hooke 
anticipated Lavoisier in his great Penden ; in fact, the latter has merely prov" 
ed by experiment, what the former had only conjectured was the case,’ ©} 
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products of their union, and having found that those of 
the last were below the mean of those of the others, he 
concluded that the evolution of heat was caused by the 
diminution of capacity. He even went farther. ‘He as- 
certained that the capacity of oxigen gas was very high, 
while that of most of the inflammables was low, that of 
the product being above that of the combustible ; conse- 
quently, he maintained that the caloric could not come 
from it, but from the oxigen, owing to the very great di- 
minution which it suffers by its entering into union. 
Though the doctrine of Crawford is the one usually 
received, yet the experiments of De la Roche and Be- 
rard not only very much invalidate it, but, if correct, 
will completely overturn it. They assert (An. of Ph. IT.) 
that the capacity of oxigen is not nearly so high as Craw- 
ford makes it ; instead of 4749, it is, according to them, 
only 236, water being 1000. They also state, that the 
capacity of the product of combustion, is-in many in- 
stances greater than the mean of those of its ingredients ; 
if so, it is evident that the explanation given by Craw- 
ford is incorrect, but as yet their experiments have not 
been confirmed by any other chemist. ‘There are many 
cases, however, in which it appears, that the supposition 
of the caloric coming from the oxigen is erroneous. ‘Thus, 
in the instance of gunpowder, or of any mixture of in- 
flammable matter with nitre, which contains a large 
quantity of oxigen, this substance has laid aside its aeri- 
form state, and ought not therefore to contain so much 
caloric as when gaseous. Besides, instead of there being 
a change from gas to fluid. or solid, which the explana- 
tion of Crawford presumes, there is a generation of a 
large quantity of aeriform matter, which is the cause of 
the explosion, so that, instead of the evolution of heat, 
we should expect the production of cold. ‘Though these 
cases appear strong in opposition to the theory of Craw- 
ford, yet there is one method of getting quit of the ob- 
jection, particularly in those in which there is actually a 
change from solid to gas... It has been already mention- 
ed, (p. 86.) that. when air. is suddenly compressed, heat 
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is evolved. Now, when gunpowder is exploded, by 
which there is a formation of gaseous matter, the air 
around must be suddenly condensed, and thus may 
evolve heat. ‘The same may be extended to other cases 
of combustion; for it is well known, that in blast fur- 
naces, in which the heat is very intense, a great deal de- 
pends on the free admission of air, part of which is to 
keep up the combustion, part, by its expansion and con- 
sequent compression of that around it, to cause the evo- 
lution of caloric, (Ed. Ph. Tr. 1825.) | 
The emission of light is still to be accounted for. It” 
has been already mentioned, that Lavoisier imagined 
that the light was extricated by the oxigen, which he 
supposed to be a compound of the unknown base and the 
matter of fire; accordingly, during combustion the in- 
flammable and the base united, while the heat and light 
were evolved. There are many circumstances, however, 
which seem to prove, not only that the light does not 
come from the oxigen, but that it proceeds from the in- 
flammable. Thus, a product of combustion will afford 
its oxigen to another body, and, at the same time, there 
is an evolution of light. Had the oxigen ever contained 
it, it ought to have parted with it when it entered into 
union with the first combustible ; so that, in these cases, 
the light could not proceed from the oxigen. It may be 
argued here, however, that if this substance can enter 
into union, and retain its caloric, why may it not also re- 
tain its light, supposing it to have been in combination 
with both? Allowing that this is the case, which has 
not, however, been proved by experiment, there are in- 
stances in which certain inflammables can combine with 
each other; and though the access of air is excluded, yet 
light is evolved, from which it would appear that it pro- 
ceeds from the inflammable; at least, the facts are at va- 
riance with the supposition, that it is evolved by the oxi- 
gen. a , 
Such are the opinions advanced with respect to the 
origin of heat and light during combustion, taking it for 
granted that they are agents altogether different. If, 
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however, it be supposed that they are one and the same, 
their evolution must be accounted for, by supposing, 
that during the chemical action, the substances, owing to 
the power of retaining them being diminished, set a por- 
tion free, and that, by some means, part assumes the ap- 
pearance of the other. Ps) 

The preceding remarks apply to combustion in its 
most limited acceptation,—that it is the emission of heat 
and light during the union of an inflammable with oxi- 
gen. It is now, however, almost universally admitted, 
that it may be occasioned by the combination of inflam- 
mables with other bodies, as with chlorine and iodine, 
both of which, when acted on by others, cause the ap- 
pearance of heat and light. If this opinion be correct, 
the same speculations, with respect to the sources of 
these agents, will apply to it as to common cases of com- 
bustion. 

Though some have thus wished to consider combus- 
tion as the union of an inflammable with what is called 
a supporter, there are many who take a much more en- 
larged view of the subject, and it is perhaps the most 
correct. They suppose it to be the evolution of heat 
and light, during any case of chemical action. ‘Thus, 
iron filings and sulphur, both of which are commonly 
considered inflammables, emit them during their union, 
even though the experiment is performed in vacuo; and 
the same is the case with many other bodies. In account- 
ing for the evolution in these cases, we must have re- 
course to the same speculations as before, that they are 
contained in the bodies, and that they are disengaged 
probably by a change of form, and consequent change of 
eapacity. 


HYDROGEN. 


HYDROGEN, in a pure state, exists at a natural tempe- 
rature in the gaseous form. It was early discovered by 
chemists. Mayou, Boyle, and Hales, described a few of 
its properties; but we are indebted to Mr Cavendish for 
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the first full account of it. He gave it the name of in- 
flammable air, which was afterwards changed by the 
French nomenclators to. hydrogen, derived from. we, 
water, and. +naw, because it enters into the composition 
of that substance. ye 

When pure, it is a transparent. and colourless gas; 
hence it is invisible. It is destitute of taste and smell, 
but, as generally prepared, it has a disagreeable odour, — 
owing to impurities derived from the substances from 
which it is procured, according to some, from the pre~ 
sence of volatile air, according to others, from the union 
of the hydrogen with sulphur, phosphorus, or carbon. 
That pure hydrogen is inodorous, is shewn by passing 
it through alcohol, charcoal, nitric acid, or lime water, 
by which the impurities are absorbed, and it is jena 
of its smell. Si 

Its atomic weight is 1.25, Beane oe to oxigen as 10. 

It is the lightest gaseous substance, consequently the 
lightest body with which we are acquainted. Its specific 
gravity has, however, been differently stated, probably 
owing to its various degrees of purity. According to 
Biot and Arrago, it is 732, and according to Berzelius: 
688, air being 10,000, while Thomson in his late experi- — 
ments makes it 694, or exactly 16 times lighter than 
oxigen gas, the specific gravity of which has been al- 
ready stated to be 1111, to air as 1000: 100 cubic inches 
will therefore weigh 2.11 gr. : 

The only change sSenied on it by an addition of ca-. 
loric, is an alteration of volume. By the abstraction of 
it, it cannot be made to lay aside the gaseous form, it is — 
therefore considered a compound of the unknown base, | 
hydrogen and caloric. It is not affected by light nor by. 
electricity. 

It is incapable of supporting combustion ; a lighted 
taper put into it being instantly extinguished. If, for 
instance, a candle be thrust into a jar-of the gas, with 
its mouth kept down, it is instantly extinguished, pro- 
vided it:is thrust a little way up into the jar, so as to get 
it beyond the influence of the air.. It is also unfit for 
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respiration, as animals immersed in it speedily die. It 
does not, however, appear to be directly noxious to ani- 
mal life, as it has been breathed for a considerable time 
with impunity, so that it seems unfit for respiration 
merely by excluding oxigen. Those who have breathed 
it have invariably found, that if the lungs be as nearly 
as possible exhausted of air, the respiration may be con- 
tinued much longer than when it is received into them 
after an ordinary respiration. It has been observed 
also to change the tone of the voice, after being breath- 
ed for a short time. 

The most remarkable property of hydrogen is its in- 
flammability ; when heated in contact with air, it burns 
with a reddish flame, the rapidity of the combustion de- 
pending on the method of holding the jar. If a jar of 
it be kept with the mouth down, and heat applied, the 
combustion is slow, because, owing to its lightness, it is 
confined, and thus comes slowly into contact with the air ; 
but if the mouth be held up, the combustion is rapid, 
because, rising from the jar, it mixes with the atmosphere, 
and there is a sufficient supply of air to consume it. 
Though hydrogen is so easily inflamed, and burns with 
rapidity, yet we may set fire to a collection of it with per- 
fect safety, provided we allow it to escape in a small 
stream. ‘or this purpose, having filled a gasometer with 
it, on opening the stop-cock, and forcing out the gas, a 
flame may be applied. Or if, into a small phial, there is 
put a mixture which will furnish hydrogen, and a cock 
with a fine tube passing through it be put into the 
mouth, the gas will flow out, and may be kindled, and 
as the supply is kept up, there is a sufficient pressure to 
cause it to escape, and undergo combustion. 

During the combustion of hydrogen in this way, if a 
glass tube be held over the flame, a sound is emitted, 
the loudness and nature of which depends on the size of 
the tube. For this purpose, having kindled the gas, a 
tube of about 2 feet in length, and about an inch in di- 
ameter, is held over the flame, but so as not to cover it 
completely. On raising or depressing it, the sound will 
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vary, but the tube must not be brought too far down, 
otherwise the gas is extinguished. | we 
When hydrogen is mixed with air and Heamedy it exe 
plodes, but the explosion is by no means violent. This 
experiment is most easily performed by using a strong 
glass phial with a wide mouth, and having a double cork 
fitted to it, the one put into the mouth being perforated, 
and having a smaller one init. Into this, inverted ona 
trough, is introduced 1 of hydrogen, and 23 of air, and, — 
after removing the smaller cork, on the application of 
heat, (which may be done by applying a candle, or the 
flame of a piece of paper,) the mixture is exploded. 
Hydrogen burns with much more splendour in oxigen 
gas; and to shew that this is the case, having filled a 
jar, open above and below, with oxigen, and placed it 
on a plate of water, set fire toa jet of the gas issuing 
from the pipe of a gas holder, and then plunge it into 
the upper aperture, having the tube passed through a 
cock that fits it. The moment that it is introduced, the 
flame will be observed to be more brilliant, and at the 
same time, the water will rise in the jar, proving that 
the oxigen is consumed. | 
That the inflammation of hydrogen is owing to its unit- 
ing with oxigen, may be shewn also in another way. 
Having filled a jar, the same as that used in the former 
experiment with hydrogen, allow a stream of oxigen gas 
to escape from a gas holder through a tube, passed 
through a cock that fits the upper aperture. Set fire to 
the hydrogen, and instantly insert the tube from which 
the oxigen is issuing, and the gas, which at first burned 
with a large flame, owing to its being in contact with air, 
now burns as if a stream of flame were issuing from the 
tube. This experiment must be conducted with great 
caution, because, if the oxigen be allowed to ——s too 
quickly, the mixture will explede. vf 
If, instead of setting fire to the hydrogen, in oxigen, 
they be mixed, and heated, they explode with great vio- 
lence. ‘The proper proportions are, two volumes of the 
former to one of the latter. This may be done in the ex- 
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ploding bottle already described, but here it is necessary to 
wrap a towel around it to prevent accidents, in the event . 
of its bursting. If other proportions be used, there is 
one of the gases left uncombined, so that they will not 
in this way unite in any other proportions than those 
stated. If they be used with a large proportion of one 
of the gases, they do not explode ; on the contrary, there 
is a slow combustion. Thus, if 9 of hydrogen, to 1 of 
oxigen, or the reverse proportions, be employed, the 
union goes on slowly. Hydrogen and oxigen may also 
be made to explode by electricity. Different forms of 
apparatus are employed. That now in common use is a 
glass tube, with wires passing through the sides of it, 
and terminating in the interior at about the distance of 
the 1-10th part of an inch from each other. Being filled 
with water or mercury, and inverted ona trough, the 
mixture of the gases is introduced, and by connecting 
the wires with a Leyden jar charged, (see Electricity,) 
the electricity may be transmitted through the mixture, 
which is instantly exploded. The jar in this experiment 
should not be above 1-4th full, to allow for the expan- 
sion occasioned during the explosion. Jor common pur- 
poses, the gases may be exploded in a bladder, using the 
adjustment described under the article Electricity. 

In all of those instances in which hydrogen is burned, 
either in air or in oxigen, the hydrogen and oxigen 
unite and lay aside their gaseous form, generating a new 
compound, which is water. 


W ATER. 


Water was by the ancients considered one of the ele- 
ments. Though, from some experiments performed a- 
bout the year 1770, it was conjectured to be a compound, 
its nature was not known till 1781. This discovery was 
made about the same time by Mr Cavendish and Mr 
Watt, but we may consider the former as the discoverer 
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of its composition, for though the latter had formed a just 
opinion with respect to its nature, yet from some experi- 
ments of another chemist, he was inclined to doubt | the 
accuracy of his conclusion. . RS 

Mr Cavendish set fire to 500,000 grains measure of 
hydrogen, mixed with rather more than twice their bulk 
of atmospheric air, the flame being made to pass through 
a glass cylinder, that the product might be collected. 
It was 135 grains by weight, of a transparent colourless 
fluid, destitute of taste and smell, and which, when eva-_ 
porated, left no residuum. In another experiment, 
19,500 measures of oxigen were exploded with 8'7,000 
of hydrogen, by which 30 grains of a similar fluid were 
obtained, but in this last instance there were slight traces 
of nitric acid. In the same year, Lavoisier, who had 
been informed of the discoveries of Cavendish, perform- 
ed similar experiments, and obtained similar results. In 
one, a very large quantity of the gases was consumed, the 
combustion being kept up for several days, and the pro- : 
duct was also water. e 

Tn all these trials, it was found, when the gases were 
pure, and every source of fallacy avoided, that the 
weight of the fluid obtained, equalled exactly’ that. of 
the substances consumed. In those instances in which 
nitric acid was detected in the product, its presence was 
easily accounted for by the union of the ingredients of 
the atmosphere, occasioned by the combustion, and when 
oxigen was used, its formation was explained in the same 
way, the oxigen obtained by the common process always 
containing a little nitrogen. 

That hydrogen, by its combustion, forms water, is 
easily shewn. We have merely to set fire to a stream of 
gas, coming by a pipe from a gas holder, and allow it to 
burn ina globular, with a very small flame; the glass 
will soon become dim, from the deposition of moisture, and 
if the combustion be carried on sufficiently long, globules 
of a transparent colourless fluid trickle down the sides. 
In this instance, the hydrogen unites with the oxigen — 
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of the atmosphere, water being the apes of the 
action. 

To render the proofs of the sbucjeeisliticat of this fluid 
still more satisfactory, it can be shewn that it contains 
oxigen and hydrogen. This can be done by electricity, 
or by exposing it to the action of a substance which will 
attract one of its ingredients, and set the other free. 
That generally employed for this purpose, is iron. It 
was at first observed by Bergman, that when iron filings 
are exposed to water, they acquire oxigen, and hydrogen 
is liberated. Lavoisier afterwards varied the experiment, 
by subjecting the fluid to the action of the metal at a 
red heat, and for this purpose, the apparatus required 
is very simple. If water be allowed. to fall, drop by 
drop, into a red hot iron tube, or if it be passed in the 
state of steam through it, it is instantly decomposed, and 
resolved into its component parts. ‘This is most easily 
done, by having an earthen tube, stuffed with shav- 
ings of iron, to one end of which a retort is fixed, 
the other terminating in a water trough, the tube 
being passed through a chauffer, (see Cut, p. 188.) 
On applying heat to the retort, the water, being con- 
verted to vapour, passes through the tube, and is de- 
composed, and an elastic fluid is given off, and may be 
collected in jars. That it is hydrogen, is shewn by 
its inflammability. If, after the experiment is finish- 
ed, the iron be removed from the tube and weighed, it 
will be found heavier than before. That the additional 
weight is owing to the acquisition of oxigen, can be 
easily shewn by heating it with other bodies, as with 
charcoal, by which a substance is given off, that is 
known to contain oxigen. In this experiment, then, La- 
voisier concluded, that the water was decomposed, that 
its oxigen united with the iron, and that its other in- 
gredient, hydrogen, was set free. It is now well known 
that water is a compound of one volume of oxigen, and 
two of hydrogen, and it has been already mentioned, 
that their specific gravities are as 16 to 1, if so, they 
must unite by weight, 8 to 1. Again, the atom of 


190 HYDROGEN. 


oxigen being 10, that of hydrogen is 1.25, and as water 
is a compound of an atom of each, the proportions of its 
ingredients are 1 to .125, that is, 8 to 1. In a 100 
‘parts, then, they are 88.89 oxigen, to 11.11 hydrogen. 
Water is a very important agent, not so much from the 
attraction which it exerts for other substances, as from 
its communicating to them that fluidity so necessary for 
their successful operation ; and so little does it alter their 
affinities, that in most cases its action is entirely over- 
looked. When pure, it is destitute of taste, smell, and 
colour. Its specific gravity, and capacity for caloric, it” 
has been already stated, are called 1000, being used as” 
the standard of comparison. By the addition or abstrac- 
tion of heat, it does not suffer any change, except in form, 
freezing at 32, and, under the usual pressure, boiling at 
212.— See Fluidity and Evaporation. During congela-— 
tion it often assumes a crystalline form. According to- 
Dr Clarke, the crystal is rhomboidal ; but according to 
Hauy and Delisle, it is octohedral. If the water be not 
pure, such as when it holds a salt in solution, the boiling” 
point is higher, the degree depending on the salt, and 
the quantity dissolved; and in these cases, the tempera- 
ture of the vapour is the same as that of the fluid from 
which it is formed. Hence a method of increasing the 
heat to be given to a body, by a water bath, or by steam, — 
by dissolving a salt, as sea salt, nitre, or potash, in the” 
water. & 
The action between water and atmospheric air is very 
important, as under it is included the consideration of 
what is called spontaneous evaporation, and the formation — 
of rain, hail, snow, dew, and hoar frost. a 
We may here make the general remark, that water is” 
capable of absorbing all aeriform fluids; but the quan-— 
tity varies in different cases, and even in the same case” 
under different circumstances. ae 
All water which has been exposed to air contains it, 
but the quantity is very small; 100 inches containing” 
only between one and two. Water may, in a great mea- 
sure, be freed of its air by boiling, by i ‘it under 
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an exhausted receiver, and also by freezing; but the 
whole of it is not by these means extracted. 

Water absorbs oxigen gas. According to Dr Henry, 
100 inches take up 3.5, and of hydrogen they absorb — 
only 1.5. The circumstances which cause a difference in 
the quantity of gas absorbed, are temperature and pres- 
sure, the lower the former, the greater is the quantity 
taken up, till the fluid arrives at its congealing point, 
when the gas which it had imbibed is extricated. The 
greater the pressure, also, the larger is the quantity ab- 
sorbed, and of course the less the pressure, the less the 
quantity; hence it is, that by the diminution of pressure, 
that with which the water had previously combined is 
evolved. It is asserted by Henry, with respect to the 
gases that are taken up sparingly by water, that it 
absorbs, of a gas condensed by an additional pressure, 
twice as much as it usually does; when condensed by 
two additional atmospheres, thrice as much is absorb- 
ed, and so on, the quantity being in proportion to the 
pressure. It has also been remarked by Henry and 
Dalton, that if water be agitated with a mixture of 
two gases, it does not take up the one of which it can 
absorb most, but both, the proportion being in the 
ratio of what it will absorb of each. They have also ob- 
served, that if it has previously taken up one gas, and be 
shaken along with another, a portion of the latter is ab- 
sorbed, and of the other extricated. 

The preceding remarks apply chiefly to the action of 
water with gases in general. We have now to make a 
few remarks on its action with atmospheric air. Almost 
all fluids, when exposed to the air, diminish in weight, 
and if for some time, they disappear ; they are therefore 
said to disappear spontaneously, and the process is called 
spontaneous evaporation, to distinguish it from that pro- 
duced by the agency of heat. Fluids disappear with 
different degrees of celerity. Water is evaporated slowly, 
spirit of wine quickly, and the volatile fluid ether, still 
more so. ‘The lower the boiling point of the body, in ge- 
neral it evaporates more speedily. By increasing the sur- 
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face, also, the evaporation is accelerated ; hence, when we 
wish to cause a fluid to disappear soon, it is put intoa 
shallow vessel. A certain quantity of a substance can 
evaporate in a given bulk of air; and the less of it it 
previously contains, the quicker is the evaporation, 
When it has taken up as much as it can contain, it is 
then said to be saturated. By changing the air, there- 
fore, exposed to the surface of the fluid, the evaporation 
is increased ; hence the effect of wind in quickening eva- 
poration, and in drying a moist bedy. By elevating also 
the temperature of the air, it can retain more of the fluid, 
and the quantity taken up increases in a greater rate 
than the increase of temperature. 

When the air, thus loaded with moisture, has its tem- 
perature cooled, as by exposing it to a cold object, part 
of that which it retains is deposited. Hence it is, that 
in crowded rooms, in which the air is loaded with watery 
vapour, given off chiefly by respiration, the windows and 
walls, which are colder than it, are always moist, and it 
is in this way that we can account for the formation of 
rain, hail, snow, dew, and hoar frost. When, by any 
means, the atmosphere of the higher regions has its tem- 
perature diminished, it loses in part the power of holding 
the watery vapour in solution, which is therefore set free. 
If the change be not great, rain may be the consequence ; 
but if the reduction of temperature be considerable, snow 
or hail may fall. When the temperature of the atmo- 
sphere is more gradually reduced, dew or hoar frost may 
be produced. The deposition of dew is easily shewn, by 
exposing a bottle with cold water in a room; its side 
very soon become moist. If the bottle be filled with a 
mixture of ice and salt, the moisture in the atmospher 
is deposited on it, but it then assumes the form of hoar 
frost, being frozen by the cold of the mixture. Int 
same way, when the air immediately in contact with the 
ground, or with trees, or other objects, is by any means 
cooled, it deposits either dew or hoar frost, acon 
to the temperature, (See page 47.) Stee rie 

It was at one time imagined, that when a fluid evag 
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rates spontaneously, it does not absorb caloric, as when 
evaporated by boiling,—an opinion now abandoned. It 
is well known, that during spontaneous evaporation, cold 
is generated ; there must therefore be an absorption of 
caloric. It is, however, unnecessary to resume this sub- 
ject. It has been already discussed under Evaporation, 
and Sources of Cold. 

Owing to the evaporation constantly going on, from 
the surface of the water that surrounds this globe, the 
atmosphere always contains moisture; and as the quan- 
tity varies according to circumstances, it is evident that 
the specific gravity of the air must vary. When the air 
is mixed with watery vapour, it is enlarged ; and as the 
vapour, bulk for bulk, is of less weight than air, it is evi- 
dent that the specific gravity of moist air is less than that 
of dry air, and the same is the case with all other gases 
which are heavier than vapour. On the contrary, those 
which are specifically lighter, must, by admixture with 
it, become of greater specific gravity. 

As the bulk, and consequent specific gravity, of gases 
are changed by containing moisture, it is necessary to at- 
tend to this circumstance when experimenting on them. 
They must either be rendered dry, or allowance must be 
made, according to the quantity of vapour they contain. 

The gases are easily rendered dry, provided they are 
collected over mercury. For this purpose, we have mere- 
ly to introduce into the jar, a substance which has an af. 
finity for water, and which will not act chemically with 
the gas, as well-dried lime, carbonate of potass, or muri- 
ate of lime, and leave it there for some hours. If the 
gas cannot be dried, it may be reduced to its proper bulk 
by calculation. If it has been prepared over water, it 
must be saturated with moisture, and as the same bulk of 
all gases contains, when at similar temperatures, the same 
quantity of vapour, we can easily, from the tables of the 
elastic force of vapours at different temperatures, find 
how much is contained in the gas, and consequently the 
expansion it has suffered. The most accurate table of 
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is that given by Mr Dalton, (see Appendix.) Suppose, 
then, we have 100 volumes of air at 60, saturated with 
moisture, the elastic force of the vapour in it, 1s, accord. 
ing to the table, .524 of an inch; then to reduce the moist 
-air to the volume it would occupy when dry, multiply 
the volume of the moist air by the height of the barome- 
ter, (suppose 30,) minus the elastic force of the ae 
and divide by the height of the barometer. : 
100 x (30 — 1524) — SORT _ 98. 25 | 

So that 100 of moist air at 60, Soule be, when dn , 
98. 25. 

As the air of the atmosphere is constantly loaded with 
moisture, it is of the utmost importance to be able to as- 
certain how much it contains. This subject is called Hy- 
grometry, and the instruments by which the quantity of 
moisture is ascertained, are termed Hygrometers. Our 
feelings are very imperfect indicators of the state of the 
atmosphere with regard to dryness; we have therefore 
recourse to other means. a 

1st. To find the quantity of moisture which a certain 
bulk of the air will take up; and having found this, we 
have merely to subtract it from what we know the air 
will contain when saturated, at the temperature at which 
the experiment is performed. One of the means of doing 
this, is by Mr Leslie’s Atmometer, (azjos, modsture.) | 

It consists of a glass tube, to which a hollow porous 
earthen-ware ball is fixed, there being divisions on the 
former, corresponding with the surface of the latter. The 
ball and tube being filled with water, by exposing it toa | 
certain bulk of air, the fluid will evaporate, and of 
course fall in the tube, so that the quantity lost is known; _ 
and by subtracting this from what the air would hold. | 
when saturated, that previously in it is found out. 

2d. The cold produced by evaporation, is another me: 
thod of finding the quantity of moisture; and. for a 
means of doing this, we are indebted also to Mr Leslie. 
His hygrometer is merely a differential thermometer, — 
with one ball covered with silk of the same colour as the 
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glass of the other. By applying water to the former, if 
the air be very dry, the evaporation, and consequent re- 
duction of temperature, will be great; whereas, if it be 
moist, suppose it saturated, there will be no evaporation, 
and of course no change in the temperature. The cold 
generated, is measured by a scale adapted to the tube, 
the degrees corresponding with the state of the atmo- 
sphere. 

It was at first supposed, that this instrument would 
be of little use, as evaporation depends so much on the 
supply of air; it was therefore imagined, that the cold 
would be greater in windy than during calm weather, 
even though on both occasions it had the same quantity 
‘of moisture. Mr Leslie has, however, shewn that this is 
not the case, the cold produced being the same, whether 
the instrument be exposed on a calm or windy day. The 
cause of this seems to be, that the first portion of vapour 
formed, abstracts caloric from the air within the ball, and 
generates cold; but the moment that it is produced, it is 
carried off by the wind, by which air is supplied, and 
more vapour formed ; but as the temperature of the air 
without, is higher than that within, it is from it that the 
caloric is now taken, and by which the vapour is pro- 
duced, so that though the evaporation is accelerated, 
there is no farther reduction. 

3d. ‘There are many bodies which have a powerful at- 
traction for water, consequently by exposing them to 
air they unite with its moisture, and become heavier, so 
that by weighing them, we have an indication of the state 
of the atmosphere with regard to dryness. Shoyld the 
substance not change its form by the absorption, instead 
of weighing it, it is attached to the end of a beam, to the 
opposite end of which a counterpoise is fixed, and the 
upright stem is made to move along a scale on which 
there are degrees corresponding to the state of the atmos- 
phere. The substances employed in the first of thes 
ways are oil of vitriol, potassa, carbonate of potassa, mu- 
riate of lime, and some others. Those used in the last 
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way, are sponge, Paris plaster, or a piece of bibulous | 


paper. | Bean 
4th. The next, and perhaps the most accurate mode, is 


by the change in length which some bodies experience 
by becoming moist. Animal substances have the pro- 
perty of absorbing moisture, and becoming longer, and 
of course when they again give it off, they are shortened, 
so that an indication is thus afforded of the state of the 
atmosphere. Saussure’s hygrometer is of this kind. "It 
consists of a human hair, one end of which is fixed, the 
other is put round a pulley, and has an index fixed to it, 
which moves on a scale, so that the slightest change in 
its length is indicated. De Lue, instead of a hair, pro- 
posed a piece of whale-bone cut across the grain. Oo 

In adapting a scale to these different instruments, one 
end must correspond with extreme dryness, the other 
with extreme moisture, the former of which is ascertain- 
ed by placing it in a jar at a certain temperature, say 50, 
along with some substance that will absorb the whole of 
the moisture, so as to render the air dry; the point at 
which the index stands is extreme dryness. If the in- 
strument be now placed under a bell jar, resting on’a 
plate of water, of course at 50, the air will become satu- 
rated, and the index will point to extreme moisture. 
The space between these is divided into degrees, which 
are quite arbitrary, in general into 100. Sa 

It is not yet determined in what state the vapour eX- 
ists in the atmosphere. Some suppose that it is merely 
mechanically blended with it, while others assert that it 
is in chemical union. ‘The strongest argument brought 
forward by the supporters of them echanical opinion, 1s, 
that water passes into vapour im vacuo, consequently 
when all action of the air is removed. © Thus, if a drop 
of water be allowed to ascend to the surface of the mer- 
cury in a barometer, it instantly assumes the state of va | 
pour, and depresses the fluid. Another strong argi- 
ment in favour of this doctrine, is, that the same bulk of 
all gases, contains at similar temperatures the same quan 
tity of moisture; were it not merely mechanical action, 
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it is supposed that the quantity would vary. On the 
other hand it must be admitted, that there are strong ar- 
guments on the side of the chemical opinion, and perhaps 
the strongest of these is the power which the atmosphere 
has of depriving bodies of the water they contain. ‘Thus, 
many salts, when exposed to air, lose no less than half of 
their weight, and the rapidity with which the change 
takes place, depends on the state of the atmosphere; in- 
deed, if it be moist, there is no change at all. Now in 
these cases it is known, that the water is held in the 
salts by affinity ; it seems natural to suppose, that if it be 
taken from them, it must be by one that is more powerful. 

Hydrogen gas is always procured by the decomposi- 
tion of water. One method of obtaining it has been al- 
ready mentioned, when giving the analytic proofs of the 
composition of this fluid, p. 189. For procuring it ona 
small scale, a much more simple process is followed, the 
water being decomposed by iron, aided by an acid. For 
this purpose, put into a retort one oz. weight of iron fil- 
ings, (or if the gas be required pure, one of zinc,) then 
pour in four of water, and immediately afterwards one of 
oil of vitriol. There is an instant effervescence, and dis- 
engagement of hydrogen gas ; the water undergoing de- 
composition, gives its oxigen to the metal to convert it 
into an oxid, which, uniting with the acid, forms a salt, 
and is left in solution in the retort ; the other ingredient 
of the fluid, the hydrogen, is set free. 

It has been already said, that when hydrogen and oxi- 
gen are mixed in proper proportions, and heat applied, 
they explode. If, after being mixed, they be allowed to 
flow in a small stream, and kindled, they excite a very 
intense heat, perhaps the most intense we have yet been 
able to produce. This constitutes what is called the owi- 
hydrogen blow-pipe. When the gases were first used for 
this purpose, they were kept in separate vessels, and 
forced out by a column of water, a pipe proceeding from 
each, and terminating by a common aperture. An in- 
strument has been lately constructed by Mr Newman, 
into which the mixture is forced by a condensing syringe, 
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and from which it again issues when the stop-cock is 
opened. It consists of a strong copper box A, to bene 
there is adapted a stop- 
cock B, terminated by a 
very fine aperture. C is 
the condensing syringe, by 
which the gases are thrown 
from the bladder D, into 
the box. When full, hav- 
ing shut the cock EB, the 
syringe is removed, and 
on opening the cock B, 
the gas issues with great force, and may be kindled. 
When this apparatus was first used, dangerous explo- 
sions often happened, owing to the flame rushing into 
the box, and setting fire to the gases; but this is now 
prevented by what are called safety tubes, which are 
merely a number of very fine tubes, or, which answers 
equally well, several folds of fine wire gauze, both of 
which allow the gas to escape, but prevent the admission 
of the flame. These are placed in a small box attached 
to the cock F. ‘There is occasionally also a small resers 
voir with oil, through which the gas passes, and. which, 
should the flame by any means get through the gauze, : 
puts a stop to its progress inwards. When a piece of 
iron placed on charcoal is exposed to the flame of the 
gases, it is very soon melted, and thrown about in beauti- 
ful sparks. The heat excited is even sufficient ‘to melt : 
the earths. Thus, if a piece of tobacco pipe is held at 
the point of the flame, it is instantly melted ; and if this 
be done in the dark, the light is very intense, so much so 
that it is impossible to bear it for any time. Though by - 
this apparatus we can act only on small objects, yet it af 
fords an excellent method of ascertaining the effects of an 
intense heat on different bodies. ‘These will be enumerat- 
ed, when giving the chemical history of those that have 
been subjected to its action. If, instead of the tobacco 
pipe, a piece of lime prepared by heating chalk to'redness, — 
be used, and placed in the centre between four or five jets 
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of the flame, the light produced is astonishingly brilliant, 
so much so, that it is seen in a dark night at the distance 
of many miles, and hence the use to which it has lately 
been put in carrying on trigonometric surveys. 

Dr Skidmore has lately found that the flame of the 
oxi-hydrogen blow-pipe, may even be kept up under wa- 
ter, provided the tube from which it issues be slowly in- 
troduced, and kept perpendicular. The brilliancy is the 
same, but the flame assumes a globular form. If a piece 
of wood be held near it, it gives off sparks, and metals 
are easily ignited. 

Hydrogen, from its extreme lightness, is employed for 
filling balloons. A balloon is merely an air-tight bag, 
made of some very light material, so that, when filled 
with hydrogen, it is lighter than its own bulk of air, con-. 
sequently, when left to itself, it rises, just as a cork 
would do from the bottom of a jar of water. An easy 
method of shewing the ascent of a body filled with this 
gas, is the familiar instance of a soap bubble, which as- 
cends when let off from a tobacco-pipe, attached to a 
tube coming from a gas-holder of hydrogen, the soap 
bubble being filled with it, instead of the air from the 
lungs, as in the common method of formingit. Balloons 
are made of oiled silk, rendered air-tight by being co- 
vered with varnish. That commonly employed is Indian 
rubber, dissolved in oil of turpentine. As a sphere pre- 
sents less extent of surface in proportion to its contents: 
than any other figure, it is of course the best for a bal- 
loon; but they are seldom made of this form; they are 
in general of a pear shape, the point being kept down. 
The hydrogen is prepared from a mixture of oil of vitriol . 
and water, with pieces of old iron. These are mixed in. 
barrels, made air-tight by clay, from which there proceed 
tubes, that join with the mouth of the balloon. 

Hydrogen gas is now much employed as a means of 
procuring alight. This was formerly done by electricity, 
but the apparatus, besides being costly, is difficult to ma-. 
nage, and apt to get out of repair. A much more easily 
managed and less expensive method, is by the action of 
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platinum. Platinum is soluble:in aqua regia, and by the 
addition of sal ammoniac to the solution, a brown powder 
is precipitated, which, when subjected to a red heat, af 
fords metallic platinum in a spongy state. See Platinum. 
Doboreigner of Jena, made the important discovery, 

(An. de Ch. et de Ph. xxiv.) that when this spongy mat- 
ter is exposed to the action of a stream of hydrogen gas, 
it absorbs it with great rapidity, becomes red hot, and at 
last, provided air is present, sets the gas on fire. If the 
sponge fixed to the end of a wire, be introduced into a 
bladder, or strong phial, full of a mixture of 2 of hydro- 
gen and 1 of oxigen, it soon becomes incandescent, and 
causes explosion. If the gases be not in proper propor- 
tion, as when there is a large excess of one, or when the 
hydrogen is mixed with air, there is no explosion, but a 
gradual diminution, owing to their union, and consequent 
formation of water. Doboreigner has also shewn, that 
the platinum acts equally well for causing the gases to. 
unite, if it be mixed with clay. For this purpose it 1s, 
made into small balls, with an equal weight of moistened — 
clay, and which are afterwards dried by a slight heat. 
To shew the action of these, having filled a jar with a 
mixture of air, and a little hydrogen, over mercury, the 
ball is introduced, and as it rests on the surface, it causes” 
the condensation of the gases, which is shewn by the rise: 
of the fluid. The use to which this is applied in eudio- 

metry, will be immediately noticed. cy 

Since hydrogen is thus so easily inflamed, it affords a 

convenient method of procuring a light. Different forms _ 
of apparatus are employed; perhaps that recommended 
some time ago by Gay Lussac, for keeping ee 
a store of hydrogen, is the best. It consists 
of two vessels, A and B. A is a bottle 
with three apertures; into C is placed a , 
stopper, to which a rod of zinc, D, is fixed. 
From E there proceeds a tube, with a stop- | 
cock, having a very fine opening, placed | 
immediately opposite a little box, F, contain- | 
ing the platinum. The vessel B, terminates Hy a pein G : 
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which passes nearly to the bottom of A. Having ‘fill- 
ed A-with a mixture of ‘oil of vitriol and water, 1 to 8, 
the zinc rod is to be introduced, by which the water is 
decomposed, and hydrogen is disengaged. As it rises 
to the top of A, it depresses the fluid in it, and makes 
it ascend into B; but the moment it gets below the end 
of the rod D, the action stops, while, at the same time, 
the mouth of the pipe G being below the fluid, there is 
no escape of gas. On opening the stop-cock, the gas 
rushes out, and coming on the platinum, is kindled ; the 
fluid at the same time falls, and getting on the’ zinc, 
generates more hydrogen, so that we have always a con- 
stant store of gas, subject to the pressure of a column 
of fluid, by which it may be forced out. Another, but 
simpler form of the hydrogen lamp, is merely a bent 
tube, A-B, with a stop-cock, C, having the = 
spongy platinum, D, placed opposite it. Hav- 
ing put in the acid mixture.as far as E, a 
piece of zinc, F, is thrown into the limb B, 
being allowed to rest on a piece of glass rod, 
and the stop-cock is then adapted. Hydro- 
gen 1s generated, and rises in B, depressing 
the fluid in it, and making it rise in A’; but 
when it gets below the zinc, the action ceases, and the 
gas is prevented from escaping, by the bent part of the 
tube being filled with fluid. On opening the cock, gas 
escapes, and is kindled, the fluid falls in A, and rises in 
B, and being again acted on by the zinc, affords more 
hydrogen; so that we can have always a supply of gas, 
subject to the pressure of water, by which it is expelled 
when the stop-cock is opened. Sant we 
» The distance at which the platinum must be placed, 
in these instruments, depends on the pressure, and the 
size of the aperture of the cock; it must therefore be 
found by trial. In general, half'an inch is sufficient.” | 
It has been already mentioned, that a mixture of 
oxigen and hydrogen is exploded by electricity, and 
hence the application of this to eudiometric purposes, 
with the view’ of ascertaining the quantity of either, that 
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exists in any gaseous mixture. For this purpose, a strong 
graduated glass jarA, is used, through thesides pryg 
of which there pass wires, B C, terminating at ° “5 
the distance of the one-tenth of an inch from 
each other. Having filled it with mercury, the 
gas is to be introduced so as to occupy only 
about 4 part of it, so as to allow room for ex- > 
pansion during the explosion. ‘The wires are then con-_ 
nected with a charged Leyden jar, and a shock passed 
through them, (see Electricity, ) and the rise of the mercu- 
ry occasioned by the condensation, indicates the quantity 
of gas in the mixture, attending to the usual precautions 
with respect to temperature and pressure, (see p. 167.) 
Another, and more convenient form of apparatus, has. 
been recommended by Dr Ure. It consists of a bent 
tube, A B, open at A, and shut at B, which 4 
is graduated, and has wires passing into it, in i 
the same way asin the other. Having filled |} 
it with mercury, and then inserted the gas, so 
as to occupy a few inches only of B, leaving 
mercury in the bent part, say from C to D, © 
so that the remainder of A shall be full of 
air; placing the thumb on the open end, an 
electric spark is passed through the wires, by Ke 
which the gases are exploded; and though, during the 
explosion, there is a considerable expansion, the mercury 
is prevented from escaping at the open end; of course 
the moment the condensation occurs, the mercury rises 
in the opposite limb. | ? a 
When we wish then to ascertain the quantity of oxi- 
gen in a gas, it is mixed with hydrogen, and fired, and 
as 2 of the latter unite with 1 of the former, we allow — 
1-3d of the diminution for oxigen. If, on the contrary, 
the quantity of hydrogen is to be known, the gas is mix-_ 
ed with oxigen, and fired, and 2-3ds of the diminution al- 
lowed for it. , 
This method of finding the proportion of oxigen, OF 
hydrogen, though extremely accurate, is subject to this 
objection, that when they are in a great state of dilution, 
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the electricity does not produce explosion ; it is necessary, 
therefore, to add along with the gas, some of that al- 
ready in the mixture, and after deducting from the 
whole diminution, that occasioned by the gas added, 
the remainder must be allowed for that produced by 
what previously existed in it. 

It has been already mentioned, that spongy pla- 
tinum causes the union of oxigen and hydrogen. This 
is now also applied to eudiometric purposes, and is 
likely to supersede the use of electricity, not only be- 
cause it is more easily conducted, but because it acts on 
the gases when in a great state of dilution. 'The method 
of conducting this experiment is extremely simple. A 
graduated jar being filled over mercury, to a certain 
depth, with the gas to be analyzed, the other is intro- 
duced, and a ball of platinum and clay allowed to rise 
to the surface; the union of oxigen and hydrogen goes 
on slowly, and when completed, 2-3ds must be allowed 
for hydrogen, if it existed in the mixture, or 1-3d for 
oxigen. It has been found, also, by Dobereigner, that 
the spongy platinum will act on the gases, confined by 
water, so that the experiment may be performed over 
this fluid. This is most easily done by forming the 
sponge in the tube; and for this purpose, the precipi- 
tate placed at the shut end, is heated by a spirit lamp, 
and is thus decomposed, and adheres to the sides. The 
tube being filled with water on a trough, has the gas 
introduced, and condensation goes on in the usual way. 
(Ed. Phil. Journ. xi.) 

The ignition of platinum by hydrogen, has not yet 
been satisfactorily accounted for. Dobereigner has sup- 
posed it to be owing to electricity, the hydrogen and 
platinum forming an electric circuit; a supposition not 
supported by experiment. 


PEROXxID or Hyprocen. 


According to Thenard, (An. de Chim. viiii—An. 
of Phil. vi.) oxigen and hydrogen unite in other pro- 
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portions than those constituting water, and form a fluid 
possessed. of very remarkable properties, w which has been 
called deutoxid, or peroxid of hydrogen. It is prepar- 
ed by:a very complicated process, in which substances 
are used, the properties of which have not yet been de- 
scribed, (see Baryta.) 

Peroxid of hydrogen is a transparent calabria fluid, 
ead, when it touches the skin, occasions pain succeeded 
by inflammation. Its specific gravity is 1452; when heat- 
ed, it gives off oxigen gas, the disengagement commenc- 
ing at about 60, and hence the necessity of keeping it be- 
low this. It is decomposed by many of the metals and 
their compounds. Thus, when thrown on filings of lead, 
silver, or gold, oxigen is disengaged. A few of the 
metals, as arsenic, in decomposing it, unite with its 
oxigen: Some of the compounds of the metals, and oxi- 
gen, cause the excess of oxigen to be set; free, without 
themselves undergoing any change, while others. at thes 
same time give off their own oxigen. © 2 |) hyd tol 

As the oxigen is easily expelled from this cbopaaiel 
and by which it is converted to water, the proportions of — 
its ingredients are thus discovered; but as during the 
expulsion there is a considerable explosion, it is neces-— 
sary to dilute it. In analyzing it, Thenard mixed a 
certain weight of it with about 20 of water, and heated 
it. cautiously, by which the whole of the oxigen above: 
that necessary for the conversion of the hydrogen into: 
water, was driven off and collected. In this way he 
found it to contain exactly twice as much as exists in» 
water, so that if we consider the latter) as composed of 
1 of hydrogen to 8 of oxigen, the oxigenized fluid will 
contain 1 to 16, and if so, it must have 1 atom of the 
one to 2 of the other, and its atomic weight will therefore 
be 21.25. | ic 

Hydrogen exists in all animal and vegetalded natal 
and is given off by them during their putrefaction. Hence 
it is found in pits, in marshy situations, and over stag- 
nant pools. In the present)state of the science, vit must 
be considered. ‘an elementary body. ixo -(ie- Se 


SECTION III. 


SIMPLE ACIDIFIABLE BODIES. 


NITROGEN, or AZOTE. 


Ir has been already mentioned, that the air of the atmo- 
sphere contains, besides oxigen, a gas possessed of very 
different properties. It is Nitrogen, so called because it 
enters into the composition of nitre and nitric acid, a 
name given it instead of Azote, by which it was usually 
known, and derived from the Greek «, privative, and Gai, 
life, as being destructive of animal life. 

It is a transparent and colourless gas, destitute of taste 
and smell. It is lighter than atmospheric air; but its 
specific gravity has been variously stated. According to 
Biot and Arrago it is 969, while Dr Thomson makes it 
972.2, which is now generally considered to be correct 5 
100 inches weighing at temp. 60, and bar. 30, 29.65 gr. 
Its atom is 17.5. | 

Caloric causes no change on it except that of volume. 
It is not affected by light. Its distinguishing feature is 
its not supporting combustion, as is shewn by putting 
into it a lighted candle, or by placing a jar of it over a 
piece of burning phosphorus, by which both are extin- 
guished. <A beautiful illustration of the influence of oxi- 
gen and nitrogen over combustion, is shewn by filling a 
vase with each, and plunging into the latter a candle with 
a long wick, by which it is instantly extinguished ; but 
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on removing it, and putting it into the former, it is re: 
kindled, and burns with a bright flame. For the success 
of this experiment, however, it is necessary that there be 
a part of the wick red before it is put into the oxigen. 

Nitrogen is sparingly absorbed by water, 100 inches 
taking up only about 1.5. It unites with oxigen, and 
forms some very important substances, the first of which 
is the 


AIR OF THE ATMOSPHERE. 


Tue proportions in which oxigen and nitrogen form 
air, are discovered by exposing bodies to it, which will 
deprive it of one of its ingredients, and leave the other; 
that almost always taken away being oxigen. The dif- 
ferent modes practised will be noticed in their due places, 
when describing the properties of the substances used. 
One method may, however, be here mentioned, because 
it will so far not only prove the composition of the atmo- 
sphere, but also point out one of the means of procurin 
nitrogen gas. . For this purpose, a mixture of I of flowers. 
of sulphur, and 9 of iron filings moistened, is put into a 
dish, A, over which a bell jar, B, is placed, yy Ik . 
resting below in a vessel of water, C. On ei 
leaving it there for some hours, the oxigen®| / i 
of the air in the jar unites with the sulphur 
and iron, and the water rises to supply its 
place, say to D. What is left is nitrogen; | 
and that it is so, is proved by putting into 4: 
it a lighted candle, which is instantly éxtin- 7 
guished. If we wish to expel the gas from B, we have 
merely to adapt a tube to the stop-cock, E, and pou 
water into C, which, when the stop-cock is opened, call 
out the gas; so that, by putting the tube under a jar in 
a water-trough, it may be collected. : os 

Scheele, in his first attempts to prove the composts 
of the atmosphere, concluded that its ingredients were 
in the ratio of ‘73 of nitrogen, to 27 of oxigen by volume. 
Priestley, on the contrary, asserted, that the latter varied 
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from 20 to 25, while others made it so high as 28. The 
later experiments of Davy, Dalton, Gay Lussac, and 
others, have shewn, however, the inaccuracy of these con- 
clusions ; they agree in making the oxigen to be 21, or, 
taking the average of a number of experiments, 21.5, the 
nitrogen of course being 78.5. It was at one time sup- 
posed, also, that the proportions of the ingredients occa- 
sionally varied. Ingenhouse, who first made experiments 
on this subject, concluded, that at sea the air contained 
more oxigen than over land, while near marshy situations 
it had less than usual. Saussure, Humboldt, and others, 
have likewise asserted, that air brought from the higher 
regions, has less oxigen than that near the earth imme- 
diately below. The later experiments of Cavendish, 
Dalton, Davy, Gay Lussac, and others, have, however, 
proved the inaccuracy of these statements, not only with 
respect to the proportions of the ingredients, but also to 
their varying; they have found, as already mentioned, 
that the oxigen has in general been greatly overrated. 
According to them it is 21, or to take the average of a 
_ number of trials, 21.5 to 78.5 of nitrogen, and this, they 
have stated, is the quantity in all situations; experi- 
ments performed on it in different places, and from dif- 
ferent heights, always giving the same proportions. 
Though the ingredients have thus been fixed, by the 
above-mentioned chemists, at 21.5 oxigen to 78.5 nitro- 
gen, Dr Thomson has lately asserted that they are 20 te 
80, which he has proved by experiments performed with 
very great care, by means of electricity, (First Princ.) 
If this statement be correct, the general law of Gay Lus- 
sac, with respect to the union of gases in ratios, the most 
simple, will held true in this as in other instances; and 
that these are really the proportions, seems confirmed by 
calculation founded on the specific gravity of the gases. 
That of nitrogen is 972.2, and of oxigen 1111.1. 


Now, 9722 as 1111.1 __ 9999, 


as near 1000 as can be expected. 
Though the atmosphere is considered as composed of 
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oxigen and nitrogen, other substances exist in it, of which 
the principal are watery vapour, and the elastic fluid 
called carbonic acid. ‘These must, however, be consi- 
dered adventitious, the former being derived from the 
evaporation constantly going on from the surface of the 
water ; the latter a product of respiration and combus- 
tion. Its quantity varies from 1 in the 100, to 1 in the 
1000, and of course, according to its proportion, so must 
be that of the oxigen and nitrogen ; but though this 1 is 
the case, the relative quantities of the latter to each 
other is always the same. | 
Though carbonic acid is stated as existing in the atmo- 
sphere, Vogel has lately asserted, (An. of Phil. N. S. ix.) 
that that over the ocean does not contain any; if so, 
the proportion of ,its ingredients, leaving out the water 


vapour, are 20 oxigen to 80 nitrogen. ibe aal 
With respect to ake relation at the ingr t a 
the atmosphere bear to each other, some. sup . 


they are merely mixed, while others assert that Theveal 
in'chemical union. ‘Those who espouse the latter de 
trine, argue, that if they were in a state of mixture, 
they would separate, and each would occupy the situa: 
tion allotted to it by its specific gravity ; which, how- 
ever, is not the case, the air being of uniform cau 
sition throughout. Besides, it is well known that 

affinity does exist between them ;, for they can be made 
to enter into union. On the contrary, the supporters of 
the mechanical doctrine assert, that if they do combine 
when they are presented to each other, in the propor- 
tions constituting air, they ought to shew marks of ac. 
tion, and the product ought to have properties different 
from.those of its ingredients ; neither of which is the case. 
Mr Dalton, who espouses this side of the question, has. : 
formed an hypothesis, by which he endeavours to ex- 
plain why the gases do not separate, and which he has | 
applied, not only to the atmosphere, but to all other | 
mixture of aeriform bodies, whether gases or vapours. 
The particles of a pure elastic fluid, are, according to 
him, globular; and as they are all in any small given 
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volume subject to the same pressure, they will be of the 
same bulk, and will present the appearance of a pile of 
balls. They are, he conceives, composed of an exceed- 
ingly small central atom of solid matter, surrounded by 
an atmosphere of heat, of great density next the centre, 
but gradually becoming rarer. An elastic fluid expands 
the moment the pressure is diminished; the particles 
must therefore, he says, repel each other. When, then, 
gases which do not act chemically are mixed, Mr Dalton 
supposes that the particles of the one are non-elastic, or 
repulsive with respect to those of the other ; consequent- 
ly, each will act with its own elasticity or repulsion, and 
diffuse itself throughout the jar. As the one neither at- 
tracts nor repels the other, there is no reason why they 
should occupy different places, according to their speci- 
fic gravity ; so that the particles of the one will go into 
the imterstices of the other. 


versions of several eminent chemists; but for the fuller 
illustration of this subject, the reader is referred to Dal- 
ton’s System of Chemical Philosophy. 

Air is necessary for combustion and respiration. A 
candle will not burn in vacuo, or if it be kept in a con- 
fined quantity of it, the combustion soon ceases. Thus, 
if a jar®pen above and below, but having a cork fitted 
accurately to the upper aperture, be placed over a candle 
standing in a plate of water, the flame very soon disap- 
pears ; and that there is a consumption of part of the air, 
is shewn by the rise of the water in the jar; and that it 
is the oxigen that is removed, is proved by introducing a 
lighted taper into the residual gas, which is instantly ex- 
tinguished. | 

It is remarkable, however, that though atmospheric 
air supports combustion, and which it does from its con- 
taining oxigen, it loses this power long before the whole 
of this gas is consumed. It is well known, that a lamp 
with oil will burn in air in which a candle has been ex- 
tinguished, and this is still more beautifully illustrated 


by an experiment of Davy, (Davy on Flame,) in which 
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_means with the same splendour as in air. These effects 
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he kept a candle in a bottle till it was extinguished. On 
removing it, the mouth was covered, and there was afters 
wards introduced a stream of hydrogen, inflamed, which 
continued to burn for some time. On removing the pipe, 


a sulphur match was found to burn, and even after ita 


niece of phosphorus, when heated in the residual gas, 
ok fire, and its combustion continued, though by no 


seem to be occasioned by the admixture of the product 
of the combustion with the air, and hence they vary ac= 
cording to the nature of the inflammable body. o 

Air is also essential for respiration. If any one of the 


_ higher classes of animals be confined in an exhausted re- 


ceiver, it speedily expires. A renewal of it is also neces- 
sary; for if the animal be kept in a confined quantity ol 
it, and unless it is changed, life is soon extinguished, 
owing to a total alteration of properties, and t ut it is so 
is easily proved. We have merely to mount a 
water-trough, and by means of a bent tube, fil : 
air from the lungs. On putting a lighted candle into it 
it is instantly extinguished, so that that part which sup 
ports combustion is consumed. The nature of the changes 
that take place during combustion and respiration, will 
be detailed when describing the properties of inflamma- 
bles, and when treating of blood. ‘The pressuite of the 
atmosphere, and the purposes it serves in spontaneots 
evaporation, have been already considered under*atmo- 


sphere and water, pp. 165. 190. ? i 
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Tuts elastic fluid is not prepared by the direct com- 
bination of its ingredients; we are obliged, therefore, 
to have recourse to the decomposition of compounds con. 
taining them. ‘The substance from which it is always 
“obtained is the salt called nitrate of ammonia, which is 

a compound of nitric acid and ammonia, the former con- 
taining oxigen and nitrogen, the latter hydrogen and 
nitrogen, and which, by the application of heat, are 
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made to enter into a new state of union, and generate 
two new compounds, water and nitrous oxid, (see Nitrate 
of Ammonia. ) | : 
Nitrous oxid was discovered by Priestley in 1778, who 
gave it the name of Dephlogisticated Nitrous Air. The 
associated Dutch chemists examined its nature, and. 
shewed that it contains oxigen and nitrogen, but we are 
indebted to Sir H. ‘Davy for the fullest account of its ~— 
properties, which he has published in his ‘ Researches 
into the nature of nitrous oxid,” the name given to it by 
him. 
It is a transparent and colourless gas, hence, of 
course, invisible. Its specific gravity is 1527, 100 . 
cubic inches, weighing 45.5 gr. It has a sweet taste, and 
a faint peculiar odour. Mr Faraday has succeeded, by 
subjecting it to strong pressure, in condensing it into a 
isparent colourless fluid, which was so volatile, that 
t of the hand made it evaporate, even though 


kept under the pressure at which it was produced. It — 
“Femained liquid at — 10 F. When the tube in which it a. 
had been condensed was broken, it instantly flew off in 


vapour. . ) 
‘. By exposing nitrous oxid toa high temperature, aswhen — 
“it is passed through a red hot tube, or by transmitting 
“electric sparks through it, it is decomposed and convert- 
ed into nitric acid and atmospheric air, both of which 
contain oxigen and nitrogen, the former having a larger, ° 
the latter a smaller proportion of oxigen than exists in 
nitrous oxid. It is evident, therefore, that one part must 
have taken oxigen from. the other, that gaining it be- 
coming the acid, the other losing it, the atmospheric 
alr. : . 
Light does not exert any change on it. By subjecting it 
to the action of many other bodies, the properties of — 
which have not yet been described, its composition, and 
the proportions of its ingredients, have been discovered. 
From the experiments of Davy, and of Gay Lussac and 
‘Thenard, it is known to be composed of two volumes of 
hitrogen, and one of oxigen, which together make two 
, 02 | 
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volumes ; and that this is the case is proved by its ac 
tion with hydrogen. When mixed with-it, and heat is ap- 
plied, or when an electric spark is passed through it, it 
explodes. The proper proportions are two. of each, 
and the products are water and nitrogen, equal in bulk 
to the oxid. It is evident from this, that it must con- 
tain its own volume of nitrogen ; and again, as the whole 
of the hydrogen has formed water, with the oxigen ex- 
isting in it, it must contain half its bulk of oxigen, be- 
cause 2 of hydrogen require 1 of oxigen to form water. 
Nitrous oxid is therefore composed of two of nitrogen, 
and one of oxigen condensed into two. If so, its component 
parts are 972.2% 2 == 1944.4, to M111, P 
and as 1944.4: 11111 =: 17.5 : 10. % 
So that it is composed of i 
1 atom of nitrogen, 17.5 am 

1 atom of oxigen, 10. 


and its atomic weight is 27.5 | aided aad 


This also shews that the atom of nitrogen is represente 
by 2 volumes, the oxid containing 1 of oxigen and 2 


| 
“ or 
By a 


nitrogen. As it is composed of two volumes of nitroge 
and one of oxigen condensed into two, its specific ora 
vity is 2 = 
QM Qe ETE - 
a 7 


which is that given it by Thomson. ? 

Nitrous oxid has no action with oxigen, with nitrogen, 
or with air. It is capable of supporting combustion. i 
a candle recently extinguished, but with part of the 
wick still red, be put into a jar of it, it is rekindled, 
and then burns with a bright flame. A distinguishin 


feature of the gas, is its action with sulphur. If a mat 


oat 
just when kindled, be put into it, it is extinguished ; but 
if the combustion be allowed to become lively before it 
is immersed in it, it then burns with a bright white 
flame, with a rose red tinge around the edge. — 

Nitrous oxid is respirable; it is, however, unfit for the 
support of life. Priestley and others have shewn, that 
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animals confined in it soon expired. Davy found, that 
the larger warm-blooded ones died in five or six minutes, 
and the smaller ones in two minutes. Those of the 
amphibious class lived longer, but insects were killed 
almost the moment they were introduced. Fish kept in 
water impregnated with it, died in a quarter of an hour. 
Its effects on the human system are remarkable. They 
were first discovered by Davy, who had the boldness to 
breathe it undiluted. It is a powerful stimulant, pro- 
ducing great excitement both of body and mind. Soon 
after breathing it, a particular sensation is felt, attended 
with a pleasurable thrilling in the chest and extremities ; 
the objects around become dazzling, and the hearing is 
rendered acute. As the respiration is continued, these 
Sensations increase, accompanied, in general, with a pro- 
pensity to muscular motion and violent laughter, and 
the desire to continue the respiration becomes so strong, 
hat the person lays hold of the pipe from which he 
breathes it, and makes resistance to any attempt made 
9 deprive him of it; there is no danger, however, of 
“his taking too much, for the muscles of the ‘mouth 
bee ing no longer able to shut on the pipe, he either 
allows it to drop, or he breathes only atmospheric. air. 
After it has been breathed for some time, the lips be- 
come pale or livid, and the individual, in general, loses 
all recollection of what has happened. The effects vary, 
however, in different persons, and even in the same in- 
dividual at different times. In some the intellectual 
faculties only are affected, while in others there is a pro- 
pensity to muscular motion, as dancing, leaping, or 
running. It has occasionally happened, however, that 
nitrous oxid has been breathed without causing any pe- 
culiar effects, and which has given rise to the idea that 
imagination has a great share in producing those men- 
tioned; but this has now been put beyond doubt, repeat- 
ed attempts having been made to deceive the people, as 
by substituting air for it, or by not informing the person 
of the effects it was likely to induce. It is remarkable, 
that in many cases the individual is aware that he is be. 
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having strangely, but the propensity is so strong that he 
cannot refrain from it. In general, the effects cease in 
the course of five or six minutes, and what is remarkable, 
they are not succeeded by depression, which is the case 
with other stimuli, on the contrary, a degree of exhilara- 
tion continues for some time. The quantity of gas re- 
quired varies in different persons, and even in the same 
individual at different times. From 4 to 10 quarts may be 
respired, and its effects, in general, appear in the course 
of about a minute; but as he becomes accustomed to it, 
a larger quantity is necessary. Sir H. Davy states that 
he has breathed it for 43 minutes. | 
The method of respiring it is very simple. A bladder 
or oiled silk bag, furnished with a stop-cock, is fillet 
with it, and having emptied the lungs as much a 
possible, the pipe is put into the mouth, and the 
trous oxid is drawn in, taking care to stop the no tril 
to prevent the admission of atmospheric air. He 
kept the gas in the lungs for a short time, it ma 
either be thrown away, or expired into the bladder, an 
which is preferable, because its properties are not com 
pletely destroyed by one inspiration. In this way | 
may be drawn from the bladder into the lungs, and frot 
them thrown again into the bladder, till the effects are 


produced. 

It has been ascertained, that after the respiration ha 
been kept up for some time, the gas disappears, and. ni- 
trogen is left. When exposed to blood, it seems also ta 
be absorbed, and to have its place supplied by nitrogen 
but how it acts in producing its singular effects has not 
been ascertained. : | 

Nitrous oxid is easily absorbed by water, which, at a 
natural temperature and pressure, will take up near} 
its own bulk of it. ‘Though this is the case, we may p re 
_ pare it with a water trough, because, though it ak 

- it in considerable quantity, yet the absorption goes on 
slowly. The solution has a sweetish taste, and will, 
boiling, give off the oxid unchanged in its properties. ped | 
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Tuts was first mentioned by Hales, but Priestley may 
be considered the discoverer of it, at least we are indebt- 
ed to him for the first account of it. He gave it the 
name of Nitrous Air, and it was afterwards called Nitrous 
Gas, terms which have given way to those of nitric oxid, 
and peroxid of nitrogen. 

Nitric oxid is a transparent colourless gas, of course 
invisible. Its specific gravity has been differently stated ; 
according to Kirwan, it is 1190, to Davy, 1102, while 
Dr Thomson considers it to be 1041, which it will be 
immediately shewn is correct; if so, 100 cubic inches 
wil) weigh 31.7 grains. 

When subjected to the action of substances having a 
W erfal attraction for oxigen, it is decomposed, nitro- 
gen gas is set at liberty, and a compound of oxigen 
Y pe the other body is formed. The action with char- 
coal is the most simple, and most satisfactory. Char- 

coal, it may be here remarked, unites with oxigen, 
and Bers a gas called carbonic acid, containing exactly 
_ its own volume of oxigen. Now, if charcoal in a state 
of combustion be introduced into 4 volumes of nitric 
oxid, 2 volumes of nitrogen, and 2 volumes of the com- 
pound of carbon and oxigen, are formed, and which, it 
has been said, contains its own volume of the latter. 
From this it is evident, that the component parts of 4 
volumes of nitric oxid are, 2 volumes of oxigen and 
2 of nitrogen, united without condensation. Nitrous 
oxid, it has been already said, (p. 212.) contains one of 
oxigen, and two of nitrogen, so that it has only half the 
quantity of oxigen that exists in the peroxid. 

Since nitric oxid contains equal volumes of nitrogen and 
oxigen, the proportions by weight must be as their specific 
gravities; that is, as 972 to 1111, 

and as 972: 1111:: 17.5: 20; 
so that it is composed of 


216 NITROGEN. 


1 atom of nitrogen, “ ‘a “ 11S He. 

2 atoms of oxigen, - : - 20. * 

| 20S. ‘a 

And its atomic weight must be - 37.5 ee 
Again, the specific gravity of nitric oxid must be ¢ 
1111 . 972 1041 be: 


ae 


The compounds of oxigen and nitrogen afford a beauti- 
ful illustration, not only of the union of bodies in definite 
proportions, but also of the laws established by Gay Lus- 
sac, with respect to combination of gases in simple ratios 
by volume, and the space they occupy when united. © 

In nitrous oxid, 2 of nitrogen unite with 1 of oxigen, 
affording only 2 of the compound, so that the condensa- 
tion is equal to the volume of the oxigen. Nitric oxid 
contains equal volumes, so that the oxigen in. it is exactl 
double of that in the other, and here there is no ee 
in the bulk. i Ome 

Nitric oxid is not affected by heat, by light, | nor’ by 
electricity. It does not support combustion, except ina 
few instances; thus, a candle or sulphur match, wher 
put into it, is instantly extinguished. Tt has, however, 
been already said, that charcoal may be eal it 
We are not acquainted with its effects on respiration, in 
deed it cannot be breathed, for the moment it comes in 
contact with the air always existing in the rere ES it is 
completely changed. be 

The most remarkable property of nitric oxid, is its ac- 
tion with air, or with oxigen gas. The moment it is 
mixed with either, red finan are formed, and which are 
nitrous acid. ‘This experiment is easily performed. We 
have merely to lift a jar full of it from the water trough 
on which it is standing, and the fumes instantly appear. 
The action is owing id the gas uniting with the oxigen of 
the air, by which the acid fumes are generated ; and that 
it is so, may be shewn in different ways. Into a jar half 
full of air, confined by water, admit bubbles of nitric 
oxid, so long as red fumes appear ; and a gas will remain, 
which extinguishes a lighted candle when put into it, so 
that the air must have lost its oxigen. Again, into a Jat 


NITRIC OXID. Q17 


half full of nitric oxid, admit nitrogen gas, and there are 
no red fumes; but if oxigen be introduced, they appear. 
If the oxigen and oxid be pure, and mixed in proper 
proportions over water, the whole disappears, the product 
being absorbed almost the moment it is formed. 

Chemists have differed widely with respect to the pro- 

portions in which oxigen and nitric oxid unite. Priestley 
found, that when 1 of the former and 2 of the latter 
were used, the absorption was almost complete, shewing 
that the whole had entered into union. Lavoisier states 
the proportions to be much less, while Ingenhouse, Hum- 
boldt, Berthollet, and others, conclude that it is greater. 
This discordance arises partly from the impurity of the 
gases, but principally from the method followed in mix- 
ing them. Thus, if the jar is large, so as to expose a 
great surface of water, by which the absorption is rapid, 
the oxigen consumed is less than it ought to be, and 
again, the consumption, by adding the oxigen to the oxid, 
differs from that produced by the addition of the oxid to 
the oxigen. 
. Dalton and Gay Lussac have, however, in their expe- 
riments, found, that though the proportions in which they 
unite vary, yet under similar circumstances, the con- 
sumption is the same; according to the latter, 100 of 
oxigen gas condense from 134 to 365 of oxid, if the ex- 
periment be performed over water, but when it is not pre- 
sent, they consume 204, or more probably 200. Now, 
in these three cases, three different compounds are form- 
ed, that with 134 being nitric acid, with 200, nitrous 
-acid, and with 365, hyponitrous acid. 

When the property of nitric oxid uniting with oxi- 
gen was discovered, it was applied to the purposes of 
eudiometry, or of ascertaining the quantity of oxigen in 
gases. This was first recommended by Priestley, and 
from the ease with which it could be done, and the quick- 
ness with which:the result was obtained, it promised to 
be of great utility, but it is now known to be liable to 
so many objections, that little confidence is placed in it. 
Nitric oxid is frequently, however, employed as a test 
of the presence of oxigen, which it will detect even 
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though in very small quantity. It has been already 
mentioned, that nitric oxid does not act with nitrogen ; if 
however, a little oxigen be present, the red fumes appear, 
hence we can easily ascertain whether the nitrogen pro 
cured by the process stated, is pure, that is, if the whole 
of the oxigen has been removed. We have merely te 
admit a few bubbles of nitric oxid into a jar of it. I 
no fumes are produced, it is of course pure. : 

Nitric oxid does not act with hydrogen gas. Even 
when heated, or when an electric shock is passed through 
them, they do not explode. The mixture is, however, 
acted on by spongy platinum, the hydrogen uniting with 
the oxigen, and setting the nitrogen free. 4 

Water after distillation, so as to free it from impuri 
ties, absorbs, according to Davy, 1-10th of its bulk of ni 
tric oxid ; 100 cubic inches of it, when freed of its ir 
by boiling, took up 11.8. <A different effect is, however, 
produced, rash common water is employed, because the 
air in it decomposes the gas, and forms a little nitric 
acid, which is absorbed. ° 


Nitric oxid has no action with nitrous oxid. Wh 
they are mixed over water, there are no fumes, and thi 
want of action is probably owing to the oxigen in the 
latter being held by too powerful an affinity. 

Nitric oxid cannot be procured by the direct combi- 
nation of its ingredients; we are obliged, therefore, to 
have recourse to the decomposition of compounds con. 
taining them. That always employed is nitric acid, 
which has the same ingredients, but with the oxigen in 
larger proportion, so that all that is necessary is to de- 
prive it of a part of this, by which it is reduced to nitric 
oxid, and for this purpose, almost any metal may be used, 
but that generally employed is copper. (Se Copper.) — 

Oxigen and nitrogen unite in other properties, and form 
different compounds, all of which are acids; they will 
therefore be considered under the class of acids. ee 

Nitrogen unites with hydrogen, and generates a ga- 
seous fluid called ammonia; but as it is possessed of alka- 
line properties, it will be considered under that class. 

Various attempts have been made to discover the nature 
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of nitrogen. Berzelius, partly from experiment, partly 
from reasoning founded on the atomic doctrine, has con- 
cluded that it is a compound of oxigen and an unknown 
base, to which he has given the name of nitricum; but 
of the existence of this we have no satisfactory proofs. 
Experiments have also been performed by others, in 
which compounds containing nitrogen have been used, 
as the volatile alkali ammonia, (see Ammonia, ) and from 
which some have been inclined to infer that it is a com- 
pound. This conclusion must, however, be received with 
great caution. In the present state of the science, it must 
be considered a simple body. 

Nitrogen, as has been already mentioned, exists in 
large quantity in the atmosphere. It is emitted, also, 
from some waters; a remarkable instance of which is at 
Hossick in New York, the springs in the vicinity of the 
town yielding it in such abundance, that a quart of it 
may be procured in about ten seconds, by pressing on 
the gravel adjoining the water, and holding an inverted 
jar over the spot from which it issues. 
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Cxarcoat is in general prepared by collecting a quan- 
tity of wood into a heap of a conical form, with a base of 
about 10 or 12 feet, and 6 or 8 high. It is covered 
with turf, and then kindled; and after the flame seems 
to have reached the whole of it, the admission of the air 
is prevented as much as possible by putting on more turf. 
The combustion is thus allowed to go on slowly and im- 
perfectly, by which the wood loses its watery and gaseous 
part, and is completely charred. As thus prepared, it 
is light and porous, and retains the form of the wood 
from which it is obtained. A much purer charcoal is 
now procured, by subjecting wood in large cast iron cy- 
linders to a red heat, so as to exclude it from the action 
of the air. When the whole of the gaseous ingredients 
is disengaged, the fire is extinguished, and the charcoal 
allowed to cool in the cylinders, or it is removed from it; 
and instantly put into iron boxes, in which it is kept ex- 
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cluded from air till quite cold. During this process, 


_carburetted hydrogen gas, and watery vapour, are given 
off, the former produced by the union of carbon and ay- 
drogen, and the latter by the union of hydrogen and oxi- 
gen, existing in the wood. At the same time, there is 
disengaged a considerable quantity of impure acid, call. 
ed pyroligneous, and which by distillation yields acetic 
acid. (See Vinegar. ) = 
When charcoal is required for particular experiments, 

it ought to be procured by putting small pieces of wood 
into a crucible, covering them with sand, and subjecting 
them to a full white heat for some time, by which the 
whole of the gaseous matter is given off. It should then 
be removed from the fire, and when hot, put into bottles 
with sand, or, which is better, into inverted jars full ¢ 
mercury, and kept there till required, so as to exclu ide 
it from air and moisture. * 
Charcoal, as thus prepared, is fot however, pure cat : 
bon. All vegetable bodies contain saline and. earthy 
matter; and as it is known that these are not destroy 
or dissipated in vapour by heat, it is evident that the 
charcoal must retain some of them. Hence, even wh 
well prepared, saline and earthy matter is always fount 
in it; but the quantity is trifling, in general not exceed. 
ing 2 per cent. 4 
Different woods afford different quantities of charcoal. 


Lignum vitee yields : 17.5 per cent. Z 
Ebony, a 4 - 30.5 | 
Brazil wood, : < 26. i a 
Satin wood, “ Pea ito 20s € 
Tulip wood, ~ " 20.8 . 
Botany Bay wood, - - 28.1 . | 
Fir, - = 2 18. » 7 
Boxwood, ‘ m 20.25 

_ Oak, : - - 17.4 BE | 

_. Mahogany, “ - 15.75 4 
Beech, Sie : 15. 


Lavoisier considered charcoal as pure carbon, withthe 
exception of the admixture of a little mg: and earthy 
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matter; but others have supposed that it is not so. Mor- 
veau, from his experiments, concluded that it contained 
oxigen, an opinion afterwards shewn by Allan and Pepys 
to be incorrect. Berthollet supposed also, that hydrogen 
existed in it as one of its ingredients, an opinion adopted: 
by Cruickshank and others, and apparently confirmed by 
an experiment of Davy, who found, that on subjecting 
it, even though recently prepared, to the action of gal- 
vanism, an inflammable gas containing hydrogen was dis- 
engaged. Clement and Desormes, and also Allan and 
Pepys, have, however, shewn, that when newly formed, 
it does not, during its combustion, afford moisture, which 
it ought to do if it contained hydrogen; so that in those 
instances in which compounds containing hydrogen have 
been got from it, it may be safely inferred that they 
owed their formation to the presence of moisture, from 
which it is very difficult to keep it free. We must there- 
fore consider charcoal as carbon pure, with the exception 
of the saline and earthy matter. 

Charcoal prepared from wood possesses several re- 
markable properties. It has the power of absorbing 
gases, some of them in very large quantity. If a piece 
of it, while hot, be plunged under mercury, and after 
becoming cold, be introduced into a jar of gas kept also 
over mercury, it absorbs it, the quantity differing in dif- 
ferent cases. This was first observed by Priestley, but 
it was afterwards more fully investigated by Morozzo, 
Rouppe, and Saussure, the last of whom has performed 
the greatest number of experiments on it. According to 
him, 1 volume of charcoal took up of 


Vol. Vol. 
Oxigen 9.2 Nitrogen 1.5 
Hydrogen 1.75 Nitrous Oxid 40. 


The quantities of the other gases, not yet described, 
were in general much greater. Thus, it took up of 
Carbonic oxid 9,42 Sulphuretted hydrogen 55. 
Olefiant gas 35. Muriatic acid ‘ 85. 
Carbonic acid 35. Ammonia 7 90. 
Sulphurous acid 65. 
ud 
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The charcoal used in these experiments was got from 
boxwood, and was kept in mercury till cold, and then in-— 
troduced into the gas, without allowing it to come in 
contact with air. The gases thus absorbed, may again 
be expelled, unchanged in their properties, by the appli- 5 
cation of heat. If, however, after having absorbed one ~ 
gas, it be exposed to another, it gives off part of the for-_ 
mer, and takes up some of the latter, provided there is 
no chemical attraction between them, and the quantity 
retained is in the ratio of what it would absorb of each 
separately. If it has absorbed one, and be exposed to 
another, between which and that previously imbibed 
there is an affinity, it is stated by Rouppe that they — 
unite. Thus he found, that after having absorbed hy-_ 
drogen, and then kept in oxigen, the latter was also taken — 
up, and water was given off by the application of heat. — 
Having imbibed hydrogen, and then exposed to nitric 
oxid, water and nitrogen were formed, or when kept in 
atmospheric air, it is said to have deprived it entirely of 
its oxigen. oy 

From the large quantity of some of the gases taken up, 
there must be a strong attraction between them and the 
charcoal; it must not, however, be supposed that it is 
chemical; it depends solely on the mechanical structure, — 
for it loses entirely its absorbing power by being reduced. — 
to powder. 7 

Newly made charcoal absorbs moisture with avidity. — 
Allen and Pepys found, that when exposed to air for 
twenty-four hours, it increased considerably in weight, — 
but the quantity varied in different cases. Lignum vite 
chare al increased about 9 per cent. while that from fir 
increased 13, from beech 16, and from mahogany 183 
When the charcoal was kept in mercury heated to, 214, 
water was expelled. - 
_ Charcoal is not liable to putrefy ; hence it is customary 
to char the end of stakes that are to be driven into the 
ground, by which they are not only preserved, but pene- — 
trate the earth more easily. Charcoal also possesses the 
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remarkable property of depriving bodies of their colour, 
taste, and smell. When water has become putrid, from 
having been kept long in wooden vessels, it is deprived 
of its putridity, by filtering it through charcoal in pow- 
der, a method often resorted to in long voyages. For 
this purpose, a quantity of it is put into the casks, and, 
after being shaken, the powder is allowed to fall to the 
bottom, and the water may be drawn off clear. A better 
mode, however, and the one now usually practised, is to 
char the inside of the cask, by which putridity is entire- 
ly prevented. Malt liquor, by being mixed with char- 
coal, is also deprived of its colour, and the disagreeable 
flavour it usually has when recently prepared. Putrid 
animal matter likewise loses in a great measure its unplea- 
sant taste and odour, by rubbing it with charcoal pow- 
der, and allowing it to remain on it for some time. For 
the success of these different processes, the charcoal 
ought to be newly made; or if it has been kept for 
some time, it must be exposed to a red heat, and exclud- 
ed from the air till cold. For some of them, particular- 
ly for removing colour, animal charcoal is preferred. 
That sold under the name of ivory blacking, procured by 
exposing ivory or bone to heat, is generally employed. 

This property is valuable to chemists, as it enables 
them to decolorise fluids, and thus to observe the colour 
of precipitates formed in them. All that is necessary, is 
to shake the fluid and charcoal together, for some time, 
and then throw them on a filter. If the fluid should not 
pass through colourless, it must be returned, and the fil- 
tration repeated, till the colour is destroyed, or till there 
does not seem to be any farther action. 

The atomic weight of carbon is ‘7.5. 

Charcoal is a very bad conductor of heat, a small piece 
of it, though one end is in a state of combustion, may be 
held in the hand with impunity. When heated in élose 


mixture of gases containing carbon, in union with oxigen, 
and hydrogen, but the emission of them soon. ceases. 


a 


aes 


vessels, a little gaseous matter is given off, which is a — 
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These, it has been already said, are foreign, and are de- 
rived from the decomposition of moisture. After. this, 
the carbon is left pure, with the exception of the saline 
matter, and does not undergo any farther change, even 
though exposed to the most intense heat which has yet 
been excited. Though carbon cannot be fused by heat, | 
yet experiments have been performed, from which it ap- 
pears, that it has been actually converted into vapour 5 
but as this was effected by galvanism, they will be de- 
scribed under that subject. Carbon, also, when it enters 
into union with other bedies, assumes the vaporitic state, 
and some of its gaseous compounds, during. decomposi- 
tion, deposit it almost in a crystalline form. Thus, in 
the preparation of coal gas, which contains carbon as one 
of its ingredients, there is often found a sort of crystal- 
line matter in the retorts, and which is pure carbon : and 
the same is the case when coal gas is decomposed by 
tals, as in the patent process of making steel ; by passing 
the gas over iron, a beautiful crystalline matter is fre- 
quently observed in the tube, and which has also been 
found to be pure carbon, so that it must have been set 
free from the gas, in a state of vapour, (An. of ‘Phil. 
July 1826.) oe 
When charcoal is heated in air, it burns, and, if well 
prepared, without flame, but as usually procured, it 
first: gives’a blue flame, which, however, soon cé 
After the: combustion, there remains a small quantity 
white ashes, consisting of saline and earthy matter. 
Charcoal burns with great brillianey in oxigen gas 
emitting beautiful sparks. This experiment may be per. 
formed, by putting into a copper cup a few pieces of char 
coal previously kindled, and having placed it ona ben 
wire suspended from a plate of sheet iron, immersing 1 


“ 


into a vase of the gas. If the charcoal can be got witl 
park on it, the effect is more brilliant. ‘The combustio! 
my of carbon by oxigen is also well illustrated by driving 
stream of the gas against the end of a piece of charcoa 
making it at first pass through the flame of a candle to 5 


the charcoal on fire. 
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In all of these experiments the properties of the air 
and oxigen are destroyed, a taper put into the residual 
gas being instantly extinguished. This case of com- 
bustion differs, however, from those already mentioned. 
These cause a diminution of the air, whereas in this, 
provided the substances are pure, there is no change in 
bulk; and that it is so, is shewn by having recourse to 
the bladdered apparatus, (p. 176.) If the jar be filled with 
oxigen, and placed over a cup with burning charcoal, 
the combustion continues, but there is no rise of the wa- 
ter, proving that there is no diminution; and this is ow- 
ing to the generation of a gaseous compound, occupying 
the same volume as the oxigen consumed in its formation, 
and which is called carbonic acid. 

_ As a great deal of reasoning with respect to the com.’ 
position of bodies depends on an accurate knowledge of 
the constitution of this body, it has engaged the atten- 
tion of many distinguished chemists. Lavoisier was the 
first who pointed out its composition, and endeavoured 
to ascertain the proportion of its component parts. In 
one experiment in which charcoal was burned in oxigen, 
using every precaution so as to have them pure, he in- 
ferred, from the quantities consumed, and the weight of 
the product, that they had united in the ratio of 71.11 
of the latter, to 28.89 of the former. Clement and 
_ Desormes afterwards repeated the experiment of Lavoi- 
“Siler, varying a little the manipulation, by inflaming the 
carbon in oxigen by means of a lens. They fixed the 
proportions at 71.4:to 28.6, a conclusion confirmed by 
Tennant, and by Allen and Pepys. be 
As carbonic acid is of the same volume as the oxigen 
employed in its formation, this affords us another, and 
perhaps more satisfactory method of ascertaining the pro- 
portion of its ingredients, because the former mu ; be 
heavier than the latter, by the weight of the carbon 
with which the latter has united so as to form it; we 
have therefore merely to deduct the specific gravity of 
oxigen from that of the acid, and the residue is the 
VOL. I. EP 
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weight of the carbon. The specific gravity of the acid® | 
is 1527.1, of the oxigen 1111.1, and hei | 
597.7 — 1111.1 = 416.6 - | 
so that they are in the ratio of 1111.1 to 416.6, and as 
1597.7 :1111.1:: 100: 72.75 ia | 
so that by this way the proportions are 
Carbon 27.25. © 
Oxigen 72.75. 
Again, as 27.25 : 49.95 2: 7.5: 20 
so that it is composed of | 


1 atom of carbon, 1:6 
Q,atoms of oxigen, 20. 
. and its atomic weight is 27.5 


As 416.6.is the weight of carbon in 1527.7 of carbonic 
acid, supposing the carbon to be gaseous, 416.6 must,re- 
present its specific gravity, so that, in another point of 
view, we may consider the acid to consist of 


Perna Vol. Vol. it. 
Carbon ga a 
se Re iba condensed intol. © 

xigen gas, 1 } 
The ‘properties of carbonic acid will be given under 


the class of acids. ne 
Carbon and oxigen unite in other proportions, and form 
a gaseous compound, which, as it has not acid properties, | 


is called 5 


~ 


CarBponic OXx1D. 


- 1a 

It was first discovered by Priestley, though he did not 
ascertain its nature. Cruickshank was the first who 
pointed out its composition and qualities. .' 
It cannot be obtained by the direct combination of its 
ingredients, but it may be procured by the decomposi-) 
tion of carbonic acid ; and all that is necessary is to sub- 
i ject it to the action of a substance which will deprive it 
of part of its oxigen, as iron or charcoal. For this put- 
pose, having stuffed the tube (see Cut, p. 138) -with 
charcoal, and brought it toa red heat, some ‘pieces sof 
chalk are put into the retort, and muriatic acid pour- 
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ed on them, by which carbonic acid is disengaged, and 
passing through the tube is decomposed by the charcoal, 
which deprives it of an atom of oxigen to form carbonic 
oxid, while by losing oxigen it also becomes oxid, which 
passes off in the state of gas, and may be collected in the 
jar, but as some of the acid escapes decomposition, it 
is necessary to have the trough filled with lime-water, 
which will absorb it and leave the oxid pure. 
_ Carbonic oxid is a transparent colourless gas, of speci- 
fic gravity, according to Thomson 972, 100 inches weigh- 
ing 29.65 grains. ° Its atomic weight is 17.5. It is unfit 
_for the support of respiration. It is sparingly absorbed 
-by water. When heated in contact with alr, it burns 
with a blue lambent flame, and during its combustion 
‘forms carbonic acid. When mixed with oxigen and 
heated, it is exploded, and also’ forms car- 
bonic acid, the proper proportions being two 
of oxid to one of oxigen, and they may 
be fired either by electricity or by heat: 
The product is two volumes of carbonic acid. From 
_ this experiment we are enabled to fix the proportions of 
its ingredients. As carbonic acid contains its own vo- 
lume of oxigen, the two formed in this experiment must 
‘contain two, but one has been added to cause the explo- 
-sion, the other must have been derived from the oxid, so 
that two contain only one, in other words, it has half 
its volume of oxigen. But again, carbonic acid contains 
its own volume of carbon gas, so that the two formed 
‘must contain two, and which have been got from. the 
oxid, so that each volume contains one of carbon gas, and 
half of oxigen gas, condensed into one; it has, therefore, 
-keeping the’ carbon the same in both, just half the quan- 
tity of oxigen that existsin the acid. The proportions 
of the acid have been stated:to be 1111.to 416, so that in 
the oxid they are 555 to 416. ie cs 
| And as 555: 416:: 57.14: 42.86, 
‘so that the component parts are, 
Carbon 42.86 
Oxigen 57.14 
PQ 
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Again, as 42.86: 57.14: : iis yea 


so that it is composed of 
1 atom of carbon 17.5 
1 atom of oxigen 10. 
and its atomic weight is 17.5 - 

As the explosion by electricity shews that it is com- 
posed of one volume of carbon gas, and half a volume of 
oxigen, together making one, its specific gravity must be 
half that of oxigen added to that of carbon gas ; 

555.5 + 416.6 = 972.2. 

Carbonic oxid is decomposed by hydrogen, when pass- 
ed through an incandescent tube, water and carbon being 
formed. . 

Carbonic oxid explodes also with nitrous oxid, by 
means of electricity. Using 2 volumes of each, the pro- 
ducts are 2 volumes of carbonic acid, and 2 volumes of 
nitrogen. Now, as nitrous oxid is composed of 2 vo- 
lumes of nitrogen, and 1 of oxigen, condensed into 2, 
this shews that carbonic oxid contains also half its bulk 
of oxigen, one being derived from each, to form the two 
of carbonic acid. P| 

If we consider carbonic oxid as composed of an atom 
of each of its ingredients, and that it contains 1 volume 
of oxigen, and 2 of carbon vapour, the atom of the for- 
mer being represented by 1 volume, that’ of the latter 
must be represented by 2 volumes; and it is of impor- 
tance to keep this in view, in enabling us to fix the pro- 
portions of the ingredients, and the atomic weights of 
its other compounds. r 

Carbonic oxid is not put to any use. 

Carbon unites with hydrogen in different proportions, 
and forms compounds possessed of different properties. 
With two of these we have been long acquainted, the 
others have been but lately discovered, and some of them, 
though there is every reason to believe their existence, 
have not yet been procured in their separate state. The 
two first mentioned are carburetted hydrogen and olefiant 


gas. 
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It was at one time supposed, that the compounds of 
carbon and hydrogen contained oxigen, and that all of 
these ingredients entered into union, in different propor- 
tions, and formed substances possessed of properties es- 
sentially different. The experiments of Dalton, Henry, 
Davy, and others, have however shewn, not only that 
oxigen does not exist in them, but that, as in other com- 
pounds, the proportions of hydrogen and carbon are fix- 
ed; and that this is the case, will appear evident from 
the detail of their properties. 


Hyprocuret or Carbon, oR OLEFIANT Gas. 


Tuts gas was discovered by the associated Dutch che- 
mists in 1798; and it has since been examined more ac- 
curately, and its true nature pointed out, by Dalton, 
Saussure, and Thomson. 

It cannot be procured by the direct combination of its 
ingredients ; we are therefore under the necessity of hav- 
ing recourse to decomposition. The substances usually 
employed in its preparation, are oil of vitriol, and spivit 
of wine, which are merely placed in a retort, and heated 
by means of a lamp, by which a gaseous fluid is given 
off, and which is olefiant gas, with a slight admixture of 
carbonic acid, but from which it is freed by collecting it 
in a lime water trough. (See Alcohol. ) 

Olefiant gas is transparent and colourless ; hence invi- 
sible. Its specific gravity has been differently stated by 
authors. According to the Dutch chemists, who disco- 
vered it, it is 909, while Henry makes it 967, and Saus- 
sure 985. Dr Thomson, however, considers it to be 972, 
100 inches weighing 29.65 grains. Its atomic weight is 
8.75. 

When electric sparks are passed through it, it is de- 
composed ; carbon is deposited, and a gaseous fluid is 
formed, occupying exactly twice the volume of the ole- 
fiant gas, and which is pure hydrogen; from which it is 
evident that each volume contains two of hydrogen, com- 
pressed into one. 

When heated in contact with air, it burns with a bright 
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white flame, and by which it is easily distinguished from 
all other gases. ‘The products are carbonic acid and? 
water. : 
When mixed with oxigen and heated, or by the trans- 
mission of electricity, it explodes, the proper proportions — 


being 1 of gas to 3 of oxigen ; and 
by this experiment we are enabled joc | of ofa 


to fix the proportion of its ingre- 
dients: 3 of oxigen, and 1 of olefi- 

ant, form, by explosion, 2 volumes of carbonic acid ; the” 
only other product is water. Now, as carbonic acid con- 

tains its own bulk of oxigen, 2 of this gas must have 

been consumed in the formation of the 2 of acid, the 

remaining 1 must therefore have united with the hydro- 
gen to form water; but 1 of oxigen unites with 2 of 
hydrogen, so that in 1 of olefiant there are two of hy- 
drogen. If, then, we deduct twice the specific gravity of 

hydrogen from that of olefiant, the remainder will be the- 
weight of the carbon. | 7; 


972.2 — 138.8 = 833.4, and 
138.8 : 833.4: : 14.35 : 85.65, 
and as 14.35 : 86.65 : : 1.25: 7.4, 
sufficient to prove that it is a compound of 
1 atom of carbon 7.5 | 
1 atom of hydrogen 1.25... 


». 
y 
2 


v 


a 
oy 2 


And hence its atomic weight, © 8.75 

Carbonic acid, it has been already proved, contains its” 
own volume of carbon vapour, so that if 1 of olefiant, by 
explosion, yields 2 of acid, it must contain 2 of carbon 
condensed into 1. . T 

Olefiant gas, when heated with nitric oxid, is exploded, 
1 of the former requiring 6 of the latter, and the pro- 
- ducts are, 3 of nitrogen, 2 of carbonic acid, and water. 
Now, as nitric oxid is composed of equal volumes of oxi- 
gen and nitrogen, united without condensation, the 6 must 
contain 3 of the former, 2 of which must have gone to 
form carbonic acid, and the remaining 1 water; so that 
here again the composition of olefiant gas is proved to 
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be 2 of the vapour of carbon, and 2 of hydrogen; com- 
pressed into 1; and here, also,. as there are 2 of hydro- 
gen, and 2 of carbon vapour, it is evident that it contains 
an atom of each, the atoms of each being shania by 
2 volumes. 

Since this is the case, its specific gravity must be, 

sp. gr. of hyd. x 2 + sp. gr. carbon vapour x 2 ; 
i. e. 416.6 x 2 + 69.4 x 2 = 972. 

The property from which olefiant gas has derived its 
name, is that of forming an oily-looking fluid with chlo- 
rine, remarked by the Dutch chemists who discovered it. 
(See Chlorine.) | 


Bri-Hyprocuret oF CaRBON, oR CARBURETTED 
HYDROGEN. 


CarBuRETTED HyprocEn was first examined by Priest- 
ley, and afterwards by Cavendish, and it has lately been 
made the subject of investigation by ations Thomson, 
and Davy. 

_ It cannot be procured by the direct apneic of its 
ihadicnts but it is easily obtained by other means, per- 
haps the most simple of which is, by the decomposition 
of water: All that is necessary, is to pass its vapour over 
red hot charcoal. For this purpose, having stuffed an 
earthenware tube with charcoal, (Cut, p. 138.) it is 
brought to a red heat, by passing it through a chauffer 
or furnace ; and when this is done, the water in the retort 
is made to boil, by which the vapour flows through the 
tube, and is. decomposed ; the hydrogen unites with part 
of the carbon to form carburetted hydrogen, while the 
oxigen, the other ingredient, is combined with the re- 
mainder, to form carbonic acid. These come off toge- 
ther, and may be collected in the jar, or a gas-holder 
may be filled with it, by putting the mouth of the tube - 
into it. To remove the carbonic acid, it is merely neces- 
sary to have the jars, or the gas-holder, filled with lime 
water, the lime of which unites with it, so that the car- 
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buretted hydrogen is thus got pure. It may also be got 
by other means, as will be afterwards noticed. ¢ 

Carburetted hydrogen gas is transparent and colour- 
less. It is, when pure, destitute of smell; but as usual- 
ly prepared, it has a faint peculiar odour. It is much ~ 
lighter than air; but its specific gravity has been differ- _ 
ently stated. According to the latest experiments of — 
Thomson, it is .555, 100 inches weighing 16.92. 

When electric sparks are passed through it, carbon is” 
deposited, and pure hydrogen is left, occupying exactly _ 
twice the volume of the carburetted hydrogen, and which 
shews, therefore, that, bulk for bulk, there is the same 
quantity of hydrogen in this as in olefiant gas. 

When heated in air, it burns with a pale reddish flame, 
the products being water and carbonic acid. If it be 
mixed. with oxigen, and heated, or electric sparks passed 
through it, it is exploded, the proper ) | 
proportions being 2 of oxigen to 1 of 3 
gas; and during the explosion, 1 of jected co 
carbonic acid is formed. We are thus # ‘4 
enabled to fix the proportions of its ingredients. It has 
been already mentioned, that by electricity it is shewn 
to contain the same quantity of hydrogen as olefiant gas ; | 
but 1 volume of the latter yields 2 of carbonic acid, : 
whereas 1 of this yields only 1, so that it must have 
only half the quantity of carbon, or, which is the same _ 
thing, twice as much hydrogen. Olefiant gas, it has 
been already shewn, is composed of atom to atom; car-— | 
buretted hydrogen must therefore be a compound of oi | 


1 atom of carbon, - real £5 a | 
2 atoms of hydrogen, 2.5 a | 

oo ‘ah : 
and its atomic weight Is 10. iF | 


And that this is its atomic composition, is evident, for as 
it contains 1 volume of carbon, and 2 of hydrogen, but — 
the atom of the former is represented by 2 volumes, the . 
hydrogen must be 4 volumes, that is, 2 atoms ; and hence ~ 
Thomson has proposed to call the former hydroguret, 
and the latter bi-hydroguret of carbon. As it contains 


ee 
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2 of hydrogen, and 1 of carbon vapour, condensed into 1, 
its specific gravity must be 
69 x 2 + 416.6 =555. 

_ It is remarkable, that though carburetted hydrogen is 
easily inflamed when heated in contact with air, yet it 
_ cannot be kindled if it be mixed with an equal bulk of it, 
or even if it be between that and 1-6th. From this to 
1-12th it is easily exploded. 

Water absorbs about 1-27th of its bulk of it. 

Carburetted hydrogen is an abundant production of 
nature. It is emitted copiously from stagnant pools, and 
may be easily collected, by inverting a jar, and stirring 
the pool, by which a gaseous matter is given off, contain- 
ing carburetted hydrogen and carbonic acid, from the 
latter of which it may be freed, by washing with lime 
water. 

It is also emitted from coal in coal mines, through the 
chinks of which it issues, in some in great abundance, 
and as it is lighter than atmospheric air, it ascends, 
mixing with it as it rises. As it increases in quantity, it 
gradually occupies more and more of the mine, till it 
reaches the lights used by the miners, by which it is in- 
flamed, and from the immense quantity of it, it explodes 
with tremendous violence, and produces the most dread- 
ful consequences. The discovery of a means of prevent- 
ing this evil, for many years occupied the attention of se- 
veral distinguished philosophers, but without success, 
Attempts were made to ventilate mines thoroughly, in 
the hopes that, by keeping up a constant change of air, 
the inflammable gas might in a great measure be carried 
away. When this could not be done, miners used occa. 
sionally to set fire to the gas, before much of it was col- 
lected ; at the same time, the person who kindled it stood 
in water, and the moment he thrust the candle into it, he 
plunged under the fluid. By these means, the dreadful 
consequences of the explosion were in a great measure 
prevented. ‘There was still, however, cause to regret, 
that they occasionally occurred, perhaps from the care- 
lessness of the workmen, or from the greater emission of 
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gas at one time than another. We can now, howeyer, boast 
of a preventive of these fatal explosions, in the safety _ 
lamp of Davy, which has been proved, by the most am- — 
ple trials, to avert completely the danger arising from 
using lights in coal mines, even though abounding with. | 
an explosive mixture. | = | 

In his experiments, made with a view to ascertain how | 
to prevent explosion in mines, Davy discovered that | 
flame would not pass through very small tubes of glass, | 
or metal, nor through very fine wire gauze. He there- | 
fore concluded, that to light mines, in which there 1s a _ 
collection of inflammable gas, it is. merely necessary to 
have a lamp so. formed, that the air requisite for the 
combustion should enter through minute apertures. In 
the. first. he employed, the air was allowed. to pass 
through a piece of wire gauze, placed at the bottom, the 
flame, as usual, being surrounded by glass or horn. He 
afterwards found, however, that if a lamp, surrounded | 
on all sides by wire gauze, be put into an inflammable 
mixture, the air necessary for the combustion enters 
through the holes of the gauze, taking along with it the 
inflammable gas, which is‘also consumed, but the flame | 
does not communicate to the explosive mixture without. | 
The lamp was therefore constructed in this way. After 
being kindled, it was exposed to a mixture of air and 
carburetted hydrogen in a mine, which, passing through | 


the gauze, was kindled by the flame of the lamp, and | 
burned ; and as there was a constant renewal of it, not 
only light was thus afforded, but the destructive eleme! ts 
the carburetted hydrogen, was itself consumed. When 
the gas is mixed with about 12 of air, the flame of the 
lamp continues within that of the gas; but when there | 
is only about 7 of air, the flame of the wick is extinguish- 
ed, but that of the gas continues, and thus also affords 
light, which, though feeble, is sufficient for some pur- . 
poses. . ae | 

Though wire gauze is thus a preventive to the passage 
of flame, yet, should the wire become red hot, provided 


it be of sufficient thickness, it may set fire to the gas. — It 
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is necessary, therefore, to have it of the requisite size ; 
about the 1-40th, or 1-60th of an inch, is found to be the 
best ; and to prevent any danger arising from the over- 
heating of thé wire, as that above the flame of the wick is. 
the only part likely to become so, the gauze has a double 
top; so that, should that immediately over the flame 
become red hot, it will explode the gas above it, or that 
between the inner and outer top. A is the 
lamp, with its flame, B. C is the cylinder of | 
gauze, terminating with a top at D; and over - 
this is another cylinder, E, coming down 
over C; about an inch. There must also be . 
at least a certain number of holes in the -| 
square inch; from 500 to 600 have been 
found to answer best. ‘ 
That there is no danger in putting this lamp into an’ 
explosive mixture of air and carburetted hydrogen, may 
be easily shewn on a small scale. Having filled a gas- 
holder with the gas, the flexible tube, 
A, coming from it, must be passed 
through a hole in a stool, B, and over 
this is to be placed a glass, C, open a-— 
bove and below, in which the lamp is sus- 
pended, the upper aperture being’ cover- 
ed with a piece of paper or cloth. On 
opening the cock, so as to allow the gas 
to flow in very gradually, it displaces a 
part of the atmospheric air, so that there is an explosive ’ 
mixture in the jar, which is constantly passing into the» 
lamp through the holes in the gauze, by which the com- . 
bustion is kept up, and, as the mixture is consumed, the 
jar being open below, there is a constant admission of air, 
to be mixed with the gas coming from the pipe. In this» 
experiment, when the air is in considerable quantity, the 
flame of the lamp is seen within that of the gas with : 
which ‘the cylinder of gauze is filled; but when the air 
diminishes, the former is extinguished, but the latter con- 
tinues as long as the proper proportions can be kept up, : 
affording a beautiful flame within the gauze, and which» 


¥.. 
a 


oo 


236 CARBURETTED HYDROGEN. 


does not pass through to the explosive mixture by which 
the lamp is surrounded. 

That wire gauze is a preventive to the passage of 
flame, may be shewn still more easily. If we set fire to 
a jet of gas, and hold a piece of gauze over it, the flame 
is seen only below, provided we do not keep the same 
part always over the pipe, for, in this case, the wire be-- 
comes red hot, and kindles the gas above. Or if a jet of 
gas be allowed to pass through the gauze, and be kindled 
above, the flame does not communicate to that below. 

The effect of wire gauze in preventing the passage of 
flame, is supposed to be owing to its cooling power. Sir 
H. Davy considers flame as gaseous matter, kept in 4 
state of incandescence by the high temperature generat- 
ed during the combustion, and which he conceives to be 
above that of the incandescence of solids, consequently 
when any cool object is brought near it, the temperature 
is so much reduced, that it is no longer luminous. Hence, 
when the gaseous matter passes through the meshes of 
gauze, it is instantly cooled by the wire, and even though 
this is brought to a red heat, it is not sufficient to make- 
it luminous. 

The other compounds of carbon and hydrogen will be 
described when detailing the method of manufacturing 
coal gas. 

Carbon and nitrogen may be made to enter into union, | 
and form a gaseous fluid discovered by Gay Lussac, and 
to which he gave the name of Cyanogen, from the blue | 
colour of some of its compounds. As it is a compound 
acidifiable body, it will be described under that class. , 

Carbon, or, more properly speaking, charcoal, is used 
abundantly as fuel, particularly in those countries where 
coal cannot be procured. It serves well for many pur 
poses in which smoke and flame would prove injurious: | 
and hence its use in chauffers and furnaces. When em-— 
ployed in stoves in apartments, great care ought to be 
taken to have a free ventilation, for though there is no ! 
smoke, yet it vitiates the air materially, the carbonic 
acid generated being very noxious to the animal sys-— 
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tem, and if in large-quantity, proving fatal when breath- 
ed. That the qualities of the air are changed may be 
shown, by holding a jar, open at both ends, over a chauf- 
fer of charcoal for a few minutes; the product of the 
combustion rises and fills it, and if, after removing it, and 
placing a plate at the bottom, a lighted taper is introduc- 
ed at the upper aperture, it is instantly extinguished. | 

Charcoal is used in the manufacture of gunpowder, 
and great care is now taken in the preparation of it. 
For this purpose, it is always procured by subjecting 
wood to a red heat, in large cast iron cylinders. It is 
used also for procuring metals in the reduction of ores. 
It is used instead of pencils, for taking sketches, any in- 
accuracy being easily rubbed out, and for this purpose it 
ought to be prepared from willow, which affords it of uni- 
form softness. When employed as black paint, it should be 
made from ivory, as this seems to give the most intense 
and durable black. 

The substance sold under the name of lamp black, is 
merely the soot collected during the burning of the re- 
fuse of pitch, or tarry matter. A very fine kind of char- 
coal may also be procured, by holding a plate in the 
flame of a lamp, by which it is covered with soot, which 
may be removed, and the plate again held in the same si- 
tuation, so that, by repeating the process, a quantity of 
it may be collected. When the charcoal is required very 
pure, as for some of the finer paints, that prepared from 
ivory, or by the process last mentioned, should be wash- 
ed with muriatic acid, or weak aquafortis, by which the 
whole of the impurities are removed. Charcoal, prepar- 
ed in this way, is employed for affording Chinaink. For 
this purpose, 6 parts of isinglass are dissolved by boiling 
in 12 of water; 1 of Spanish liquorice is dissolved in 2 
of water, and mixed with the former, with which one of 
ivory blacking is to be intimately incorporated, and the 
whole evaporated to the proper consistence. 

From the slowness with which it conducts caloric, it 
is used for lining the insides of furnaces, that the heat 
may be retained as much as possible. For this purpose 
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st is mixed with sand and clay, with which the furnace | 
is lined, the lining being protected from the action of | 
the fire, by a coating of clay. With the same view, ves- 
sels for holding warm fluids are sometimes double, the 
interstice being filled with powdered charcoal. | ys Teel 
It has been already mentioned, that charcoal is not 
pure carbon ; it exists, however, in its pure state, in dia- 
monds. Newton, who had previously shewn, that in-| 
flammables have a powerful effect in refracting light, | 
concluded that diamond contained an inflammable ingre-| 
dient, the correctness of which was proved in 1694, and) 
which was done by exposing it to the heat of. the solar; 
-Tays, concentrated by ’'schernausen’s powerful lens. The 
inflammable nature of. diamond was afterwards proved 
by the experiments of Lavoisier, Tennant, and others, by 
whom it was found that the heat of a furnace was suffi- 
cient for its consumption. ~ Lavoisier. first shewed, that! 
the air in which it was burned contained carbonic: acid, 
a fact which, though at first sight considered improbable, 
-was afterwards proved by the experiments of Allen and 
-Pepys, and of Davy, who found, ‘not only that carbonic 
-acid was formed, but also that its weight equalled exact. 
ly that of the diamond consumed, and of the oxigen ab. 
-stracted from the air. Carbon exists also very nearly) 
pure, in plumbago, or black lead, which has been found, 
besides carbon, to contain «a minute quantity of iron 
It exists also in great abundance in the animal kingdom) 
-and from which it is often derived. ( 


” 

PHOSPHORUS. — 
Puospuorus was discovered in 1669, by Brandt, + 
“German chemist, when making experiments on urine 
Kunkel afterwards procured it from. the same fluid:ii 
1674, but the method of obtaining it was not made pub 
lic till the French government — purchased ‘the’ secret 
and revealed it. ? ) foe 
The process followed by these chemists-consisted 1! 
evaporating urine to dryness, and subjecting the'residu 
to a red heat. Margraaf afterwards. improved ityb: 
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mixing charcoal with the urinary residue, by which the 
phosphorus was more easily obtained; still, however, it was 
tedious and offensive. “ Scheele shortly afterwards point- 
ed out a mode of procuring it from bones, and which, 
with a slight modification, is still practised. (See Phos- 
phate of Lime. ) 

Phosphorus is generally in the form of small cylinders. 
When recently prepared, it is transparent and colourless, 
but it is generally of a pale brownish colour, and semi- 
transparent. When cold it is brittle, but at a medium 
temperature is easily cut like wax. Its specific gravity 
is about 1770 ; its atomic weight 15. 

By the application of heat it is fused, the fusing point, 
according to Pelletier, being 99, but according to Thom- 
son 108. When heated in close vessels, or rather in 
those from which air is excluded, it evaporates at 219, 
but it does not boil till it reaches 554. When fused, 
and allowed to cool gradually, it puts on a crystalline ap- 
pearance. For the success of this experiment it must be 
melted under water, and then allowed to cool very slow- 
ly, and when the upper part is congealed, a hole is made 
in it, and the unconsolidated matter poured out. The 
inside will then present a beautiful congeries of small 
but well formed crystals. 

Light acts on phosphorus. When exposed to it, it ac- 
quires a white crust on its surface, hence the necessity, 
when we wish to have it transparent, to keep it in dark 
glass or earthen bottles. .The. change effected is owing 
to the decomposition of the water, in which it is always 
kept, the hydrogen uniting with a part of it to form a gas, 
the properties of which will be immediately described, 
the - oxigen combining with another part to form an 
oxid which encrusts it, and thus destroys the transpa- 
rency. ‘lhe water also in which it has been kept be- 
comes luminous, from which it appears that phosphorus 
is sparingly soluble in it. ; 

When phosphorus is exposed to the atmosphere, it 
emits a peculiar odour, and if in the dark, it is luminous, 
as may be shown by placing a piece of it in a jar of air, 
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or, which is perhaps still more satisfactory, by rubbing a — 
sheet of paper with it, and keeping it in the dark, by which _ 
the traces become visible. In these cases the luminous- 
ness is owing to a slow combustion, and consequent — 
union of the inflammable with the oxigen of the air; — 
and that it is so, is shewn by putting a cylinder of it fix. 
ed toa cork, into a jar of air, inverted over water. It- 
is luminous, and in the course of afew hours the water 
rises, occupying about 1-5th of the jar, at which time the 
luminousness ceases. That it is the oxigen that is re- 
moved, is proved by introducing into the residual gas a 
lighted taper, which is instantly extinguished. P 
It is very remarkable, that though phosphorus is so 
easily acted on by air, it does not even appear luminous 
in oxigen gas at a natural temperature ; and that it does” 
not, is shewn by introducing it into a jar similar to that 
used in the last experiment, but full of oxigen gas 5 in- 
deed, it is not only not luminous in the dark, but there 
is no diminution of the gas itself, shewing that no action 
is golng on. : “te 
The ease with which phosphorus is acted on by air, is 
supposed to be owing to the nitrogen dissolving it, and 
forming an elastic compound, which gives off the phos- 
phorus to the oxigen; an opinion which seems strengthen- : 
ed by the fact, that if, after a piece of phosphorus has. 
been kept in nitrogen, and during which there is no 
emission of artificial light, a little oxigen gas be intro- 
duced, the luminousness instantly appears. | 
When phosphorus is heated to about 148 in air, it is 
set on fire and burns with a bright white flame; and if 
the experiment be performed in a limited quantity of air, 
white flakes may be collected. For this purpose, set fire 
to a piece of phosphorus in a copper dish, and instantly 
whelm a bell glass over it; white fumes are emitted, and 
are condensed on the sides of the jar. If more phos- 
phorus be used than there is air to serve for the complete 
combustion, a reddish matter is left on the dish, and 
which it has been supposed is an oxid. — | 
When phosphorus is heated in oxigen gas, it is. easily 


= | 
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inflamed, and burns with astonishing splendour. The 
experiment may be performed, as already described, (p. 
173.) If the room be darkened, the effect is very bril- 
liant. ’ | 

By the union of phosphorus with oxigen, different com- 
pounds are formed. It has been already mentioned, that 
when kept in water, it is encrusted with a white matter, 
supposed to be an oxid, and the reddish substance left 
in the dish during its combustion in air, is imagined to 
be of a similar nature. The proportions of the ingredi- 
ents of these compounds have not been ascertained, nor 
have their properties been investigated. The other 
compounds, and with which we are better acquainted, 
are possessed of acid properties, and will be considered 
under that class. 

Phosphorus unites with different proportions of hydro- 
gen, and forms very peculiar compounds. Hydrogen 
at a natural temperature slowly dissolves it, as is evident 
from its being luminous when kept in it in the dark. — If 
the temperature be raised to about 400, they unite and 
form a gaseous fluid, long known by the name of phos- 


phuretted hydrogen. 


Hyprocurrr or PuosPHorus, or PHospHURETTED 
Hyprocen. 


Tus gas was discovered by Gingembre in 1783, and 
afterwards by Kirwan, who was unacquainted with the 
previous experiments of the other. It has since been 
examined by Raymond, Dalton, and Thomson, the last 
of whom has proposed to call it hydroguret of phosphorus. 

It is never prepared for experiment by the direct 
union of its ingredients. It is in general obtained by 
the decomposition of water by phosphorus and lime, or 
potassa. For this purpose, having filled the body of a 
small tubulated retort with a thin paste of lime and wa- 
ter, introduce a few chips of phosphorus, and having 
plunged the neck of the vessel so far as the tubulature 


into the water trough, so‘as to expel the air, introduce 
VoL. I. | | Q 
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the stopper, and carry on the decomposition in the usual — 
way by the application of heat. In a short time bubbles — 
of gas come over, and may be collected in jars, the wa-— 
ter undergoing decomposition, giving its oxigen to- part — 
of the phosphorus to form an acid, which enters into 
union with the lime, and its hydrogen to the remainder, ;. 
to generate the gas which escapes. ak Sa 

Phosphuretted hydrogen is transparent and colourless, 
having a disagreeable odour and bitter taste 5 its specific — 
gravity, according to Thomson, is 902, 100 ‘inches 
weighing 27.5 gr. s 
- When exposed to light, particularly over water, it is 
decomposed, part of the phosphorus is deposited, and a 
gas is left, still occupying the same volume as before. 
It is also decomposed by electricity, by which the whole 
of its phosphorus is separated, and hydrogen, of the 
same volume as the gas itself, remains. . This experiment 
not only shews that phosphuretted hydrogen contains its 
own volume of hydrogen, but points out an easy method 
of ascertaining the proportions of its component parts ;—_ 
we have merely to deduct the specific gravity of hydro- 
gen from that of the gas, and the remainder is the quan- 
tity of phosphorus. 

Sp. gr. of ph. hyd. - - 902.7 
hyd. - - 69.4 
833.3 | 

The hydrogen is to the phosphorus as 69.4 to 833.3, or, 


as 1 to 12, and as 3 i 
1:12::1.25: 15 i. 
So that phosphuretted hydrogen is a compound of — i 
1 atom phosphorus, - wider ese a 

1 atom hydrogen, - - 1.25 
SoS ry 
and its atomic weight is - - 16.25 4 


Considering the phosphorus in this gas to be itself m 


the gaseous form, then its specific gravity is .833, two 
volumes of the vapour being equivalent to an atom; and 


keeping this in view, we can easily fix the proportions 
of the ingredients of its other compounds. 
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The action between phosphuretted hydrogen and air is 
very remarkable. ‘The moment it comes in contact with 
it, as when a bubble from the retort is allowed to escape 
through the water of the trough, it takes fire, and if the 
air be undisturbed, a beautiful white wreath ascends, 
which is composed of an immense number of small rings, 
each revolving vertically round its own axis. It is the 
phosphoric acid, formed by the combustion of the phos- 
phorus, wafted up with the watery vapour, generated by 
the union of the hydrogen and oxigen. 

If the gas be received into oxigen, the inflammation 
is more brilliant ; but the experiment is attended with 
danger, unless very little is introduced at a time. When 
4 volumes of the gas are mixed with 1 of oxigen, they both 
disappear, water is formed, and phosphorus deposited ; 
if, however, 3 of the latter be employed, phosphoric 
acid is generated, | of oxigen uniting with the 2 of hydro- 
gen to form water, the remaining 2 with the phosphorus 
to generate the acid. Phosphuretted hydrogen and 
nitrous oxid detonate by means of electricity ; when 1 
of the former and 3 of the latter are used, 3 of azote re- 
main, the whole of the hydrogen and phosphorus uniting 
with the 1} volumes of oxigen in the oxid, and setting 
the azote free. The same happens with nitric oxid; 
using the same proportions, only 14 of azote are pro- 
duced. | 

Phosphuretted hydrogen is not put to any use. 

It has been already mentioned, that by exposing phos- 
phuretted hydrogen over water to light, phosphorus is 
deposited, and a gas is formed, having the same volume 
as the other, but of course, with less phosphorus. It 
is called by Thomson 


_SUBPHOSPHURETTED HypRroceEn. 


Ir retains the odour of phosphuretted hydrogen, but 
does not inflame when mixed with air,—on being heated 
with it, or with oxigen, it burns, requiring 14 volume 

Q2 | 
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of the latter for complete combustion. As this gas ¢on- 
tains all the hydrogen originally in the phosphuretted 
hydrogen, it must contain its own volume of it, so that 
during the explosion this must have united with half a 
volume of oxigen to form water, the remaining 3-4ths of 
a volume must have combined with the phosphorus. In 
phosphuretted hydrogen the phosphorus requires 1 vo- 
lume, whereas in this gas it takes only 3, so that there 
must be a fourth less of phosphorus, the hydrogen be- 
ing the same in both. To get quit therefore of the frac- 
tions of an atom, it must be supposed a compound of 4 
atoms of hydrogen, and 3 of phosphorus. 

There is still another compound of phosphorus and hy- 
drogen, the hydrophosphoric gas of Davy, but called by 
Thomson : | | 


Bi-HyprocurET OF PHOSPHORUS. 
Tuts gas may be prepared by heating crystallized 
phosphorous acid (a compound of phosphorous acid and 
water,) in a retort, excluding the air, by which the wa- 
ter contained in the acid is decomposed, giving hydrogen 
to part of the phosphorus to form the gas, and oxigen 
to the remainder to generate phosphoric acid. . 
It is transparent and colourless, having an odoul 
somewhat the same as that of phosphuretted hydrogen. 
Its specific gravity is 972.1. It does not inflame wher 
brought in contact with air, or with oxigen, unless the 
temperature is elevated to 300. It requires for complet 
combustion 2 volumes of oxigen, 1 of which unites wit! 
the phosphorus, the other with the hydrogen. Since this 
is the case, it must contain twice as much hydrogen | 
phosphuretted hydrogen does, and if so, it has two v0 
lumes condensed into one. It is composed therefore of 


1 atom of phosphorus, “ 15. * : 

2 atoms of hydrogen, - 2.5 < | 

. 

and its atomic weight is . * 2 1a 
q i 


Its specific gravity, it has been already mentioned, 
9721. This must be made up of = | 
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twice sp. gr. of hyd. - - 138.8 
once do.’ ph - - 833.3 
: 972.1 


If the preceding statement be correct, the following 
is the composition of the compounds of phosphorus and 
hydrogen in atoms: 


Phosph. Hyd. 
Phosphuretted hydrogen, - ap | 1 
Bihydroguret of phosphorus, - - 1 2 
Subphosph. hydrogen, - Z - 4 3 


In the last of these the law of multiples does not hold 
true, which has led some to suppose that it is not a dis- 
tinct compound of hydrogen and phosphorus, but a mix- 
ture of some of the others, in certain proportions. 

Phosphorus is not put to any particular use. From 
the ease with which it unites with oxigen, it is sometimes 
employed in eudiometry, for which purpose it answers 
extremely well, as the experiment is easily conducted. 
All that is necessary, is to introduce a stick of it into 
a graduated jar, say with air, standing over water, and 
leave it there for some hours, or till it ceases to be lu- 
minous in the dark, by which the oxigen is consumed, 
and the water rises to supply its place; of course the 
height at which it stands, indicates the quantity of oxi- 
gen removed, attending to the usual precautions with 
respect to temperature and pressure. 


BORON. 


Tue salt called borax, has been long known to contain 
a peculiar acid in union with soda, but it was not till 
lately that we became acquainted with its composition, 
though, from analogy, it was considered a compound of 
a base, and oxigen. In 1807, Davy subjected it to the 
galvanic influence, and found that a black powder was 
collected around the negative wire, but he did not then 
' prosecute his inquiries farther. In 1808, Gay Lussac 
and 'Thenard succeeded in decomposing it, by exposing 
it to the action of potassium; and Davy, nearly 
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about the same time, effected its decomposition by 
a similar process, and procured a sufficient quantity of 
the base, to enable him to ascertain a few of its proper- 
ties. He gave it the name of Boron. ah ames . 

Boron is of a dark brown colour, without taste and 
smell. When heated in close vessels, it does not suffer 
any change, in this respect resembling charcoal, the most i 
intense heat not being able to fuse it. It is a non-con- 
ductor of electricity. When heated in air to about 600, 
it burns with considerable splendour. In oxigen gas the 
combustion is more brilliant, but as the oxigen is con- 
sumed, a white crust is formed, which puts a stop to the 
action, so that if it is required to consume the whole of 
it, the product must be repeatedly washed, and the resi- 
due heated in the gas. The substance formed possesses 
all the properties of boracic acid, which will be described 
along with the other acids. . 

The atomic weight of boron is, according to 'Thom- 
son, hO. Ae | | | 

The actions of boron with the other substances already 
mentioned, have not yet been ascertained. 


ARSENIC. 


The name arsenic, was applied by the ancients to a 
substance of a reddish colour, used by them as a paint, 
but its composition was not then known; and with another 
now commonly sold under the same name, we have also 
been long acquainted. These have been discovered to 
contain a peculiar base, in the one, in union with sulphur, — 
in the other, with oxigen, and to which the name of arsenic 
has been given. Its properties have been examined by 
Scheele, Bucholz, Proust, and Berzelius. 4 

Arsenic is of a bluish grey colour, with considerable 
lustre. It has a foliated texture, and is very brittle, 
being easily reduced to powder. ” It is inodorous at 
common temperatures, but when heated, it emits the 
smell of garlic. Its specific gravity 576.3. Its atomic 
weight 47.5. When heated to about 356, it passes off in 
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vapour, and without becoming liquid, the vapour having 
the peculiar garlic odour, and as it cools, forming slender 
tetrahedral crystals. 

When exposed to the air, it very soon becomes black, 
and falls into powder, but it does not suffer much change 
in water, and hence when it is wished to preserve the 
lustre, it is generally kept in that fluid. When heated 
in air, it burns, owing to its uniting with oxigen. 

Arsenic combines with two proportions of oxigen, and 
forms compounds, which were at one time considered 
oxids, but are now allowed to be acids. (See Acids. ) 

Arsenic unites with hydrogen, and forms a gaseous 
compound discovered by Scheele, and since examined by 
Tromsdorff, Proust, Stromeyer, and Gay Lussac and 
Thenard. More lately, its properties were investigated 
by Gehlin, who fell a victim to it in 1815. 

Different methods have been recommended for prepar- 
ing it. ‘That followed by Tromsdorff, consists in putting 
4 parts of the metal zinc, and 1 of arsenic, into about 4 
of oil of vitriol, diluted with rather more than its own 
bulk of water, by which the oxigen unites with the zinc 
to form an oxid, which will combine with the sulphuric 
acid, while the hydrogen enters into union with the arse- 
nic, and forms a gaseous compound, called 
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Arsenuretted hydrogen gas, is transparent and colour- 
less, of specific gravity 2708, according to Thomson. It 
has the peculiar garlic odour of arsenic in vapour. It 
does not support combustion, and when breathed, even 
though largely diluted with air, proves speedily fatal, and 
hence the necessity of very great caution when experi- 
menting with it. ae 

When heated in contact with air, it burns with a blue 
flame. If the combustion go on slowly, water is formed, 
and the arsenic is deposited on the sides of the jar; but 
if it be rapid, as when exploded with oxigen, there is 

no deposition, the arsenic being converted into an acid. 
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When chlorine is mixed with arsenuretted hydrogen, 
there is a decomposition. Muriatic acid. is formed, and 
arsenic is deposited. 

Various attempts have been made to ascertain the pro- 
portion of the ingredients of this compound, but with- 
out success. In one experiment, Gay Lussac found, that 
when 100 measures were decomposed by a metal, which | 
would unite with the arsenic, 140 of hydrogen were libe- | 
rated; from which it would appear, that it contains 3 of 
hydrogen, condensed into 2. | 

It is supposed that there is another compound of ar- 
genic and hydrogen. When water is decomposed by 
galvanism, using wires of arsenic, the hydrogen evolved 
is in smaller quantity than when platinum wires are used ; 
at the same time a brownish substance is formed, which, 
when heated, gives off arsenic and hydrogen, but its pro- 
perties have not been ascertained. : 

Arsenic is occasionally, though rarely, found in its na- 
tive state, principally in union with some of the metals. 
It is, however, most frequently in combination with sul- 
phur, and from which it is generally obtained, first by 
converting the arsenic into a compound with oxigen, and 
afterwards decomposing this by charcoal. (See Arsenious 
Acid.) It is not put to any particular use. 23 


SULPHUR. 


Sutpuur, or brimstone, as it is generally called, is pro-) 
cured in the form of cylinders, and in fine powder, the 
latter of which is the purer, being obtained from the for~ 
mer by sublimation. It has neither taste nor smell, but 
when rubbed it has a faint peculiar odour. It is of a 
yellowish colour ; but when procured by precipitation it 
is white, probably owing to its containing water. Its 
specific gravity is 1990; its atom 20. ae | 

When the sulphur in cylinders 1s slightly heated, as 
when held for some time in the hand, it crackles, and soon | 


falls to pieces. When the temperature is raised to about 
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220, it fuses, and acquires a reddish colour ; but it is re- 
markable, that if the heat be continued, instead of remain- 
ing fluid, it becomes viscid, so much so, as to adhere to the 
sides of the vessel; and the viscidity continues till the 
temperature arrives at about 552, at which it passes off 
in vapour. This was at one time supposed to be owing 
to oxidation; but that it is not so, is evident from its 
undergoing the change as often as we choose. Besides, 
as the temperature falls, it becomes quite limpid just be- 
fore it is congealed. When sulphur is fused, and allow- 
ed to cool very gradually, it crystallizes. When heated 
in close vessels to about 550, it rises in vapour, which 
condenses in the cool part of the apparatus, in fine pow- 
der, forming sublimed sulphur, or flowers of sulphur. 

Sulphur is a non-conductor of electricity. 

When heated in air to about 300, it burns with a pale 

blue flame, and fumes are given off, which are extremely 
offensive to the nostrils and lungs. When it is exposed toa 
higher temperature, as when thrown on a red hot plate, the 
combustion is more vivid, and the flame is white, with ad- 
mixture of red. In this instance, also, it is dissipated in 
fumes, which are not so offensive as the former; but 
when condensed, are much more corrosive. When burn- 
ed in oxigen gas, the combustion is very lively, the flame 
being white, with a slight tinge of blue. This experi- 
ment is easily performed, by soaking some lamp cotton 
in melted sulphur, and allowing it to congeal; the match 
thus formed is placed in a spiral of wire, and after being 
kindled, introduced into a vase of the gas. 

In all of these experiments, the sulphur unites with 
oxigen; but the proportion varies according to the mode 
of combustion. When burning slowly, it forms a com- 
pound called sulphurous acid, better known by the name 
of fumes of sulphur, and when the heat is high, sulphu- 
ric acid, or oil of vitriol, is produced. (See Acids.) 

Sulphur combines with different proportions of hydro- 
gen. When kept together at a natural temperature, there 
is no action ; but if heat be applied, they unite, and form a 
gaseous fluid, called sulphuretted hydrogen, and they may 
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- be made to combine in other proportions, and form an 
oily-looking substance. Both of these are acids, and will — 
be afterwards described. ; ¢ 

The action between sulphur and carbon is interesting, — 
as affording a fluid possessed of very remarkable proper- | 
ties. Lampadius, in 1796, (Crell’s Annals, 1796, ii. 136.) _ 
when subjecting to heat charcoal and a compound of sul- 
phur, obtained a fluid which he described under the name ~ 
of alcohol of sulphur, and which he inferred, from his ex- 
periments, was a compound of sulphur and hydrogen, an 
opinion adopted also by the younger Berthollet, (Mem. — 
d@’Arcueil, i. 304.) It was afterwards examined by Cluzel, _ 
who proved it to be a compound of sulphur and carbon, 
(An. de Chimie, Ixxxiv. 712.) and which has been confirm 
ed by Berzelius and Marcet, (Ph. Trans. 1813.) It has 
now received the name of 


SuLPHURET OF CaRBon. q 
q 
CLement and Desormes have pointed out an easy me-_ 
thod of obtaining it. For this purpose, a porcelain tube, } 
stuffed with charcoal, is passed through a furnace, and 
brought to a red heat. To one end is fixed a vessel with | 
chips of sulphur, and furnished with a wire to push them | 
into the tube; to the opposite one is adapted a bent glass | 
tube, which is made to terminate in a bottle of water, 
taking care that there is not as much in the phial, as, in 
the event of condensation, will rise into the porcelain one. 
When the tube has become red hot, heat is applied 
to the sulphur, so as fo melt it, and cause it to flow upon 
the charcoal, and the moment they come in contact they — 
unite, and pass off in the state of vapour, which, escap- 
ing through the glass tube into the water, is condensed 
in the form of an oily-looking fluid, of a yellowish CO- 
lour. ‘To free it from impurities, it must be put into a 
retort, and distilled by a heat not exceeding 110. A 
transparent colourless liquid is collected in the receiver, 
which is the sulphuret pure. ) | 
-Sulphuret of carbon has an acrid pungent taste, and a 
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fetid disagreeable odour. According to Cluzel, its spe- 
cific gravity is 1263 ; according to Marcet 1272. When 
heated, it boils at about 110; but by the abstraction of 
caloric, it has not yet been made to undergo any change. 
It is one of the most volatile fluids with which we are 
acquainted, and produces, by its evaporation, an intense 
degree of cold. When the bulb of a thermometer, cover- 
ed with muslin, is dipt into it, and then whirled in the air, 
the temperature falls from 60 to about 0. If the sulphuret 
be allowed to fall, drop by drop, on the thermometer, 
placed under the receiver of a pump, and the air quick- 
ly withdrawn, the cold will be about —80, in less than 
two minutes. ‘The vapour, however, is very apt to in- 
jure the valves of the pump. 

When the sulphuret is heated in air, it takes fire; but 
the temperature at which it is inflamed, has not been ac- 
curately ascertained ; it is not high, however, probably 
not exceeding 700. The flame is blue, and the vapour 
formed has the odour of burning sulphur. 

When electric sparks are passed through the vapour 
of the sulphuret, mixed with oxigen, they detonate, and, 
provided there is a sufficient quantity of the latter, sul- 
phurous acid and carbonic acid are the products. 

It is very sparingly soluble in water. Berthollet, 
Thenard, and Vauquelin, succeeded in decomposing it, 
by passing its vapour through incandescent tubes, con- 
taining a metal; and Berzelius, by a similar method, as- 
certained the proportions of the ingredients. According 
to him, it is composed of 

Sulphur, 84.83 
Carbon, 15.17 
And as 15.17 : 84.88 :: 7.5: 41 
So nearly 40 that it may be considered a Bi-Sulphuret, 
and therefore composed of eg 


1 atom of carbon, . - 5 
2 atoms of sulphur, - - 40. 


and its atomic weight is i - ATS 
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Sulphur acts very easily with phosphorus, provided — 
the temperature is a little elevated. ‘The compound was 
first pointed out by Margraaf, and afterwards examined _ 
by Pelletier, (Journ. de Phys. xxxv.) 5 but more parti. — 
cularly by Dr Briggs, (Nicolson’s Journ. vi.) who has 
pointed out different methods of preparing it. The 
union may be effected merely by heating them, but 
which must be done under water, to prevent combustion, 
and the heat must be applied cautiously, otherwise there 
is a generation of gas from the decomposition of the fluid, 
and which is apt to cause explosion. Using about equal | 
weights, or, which is probably better, 15 of phosphorus 
to 20 of sulphur, and which is the atomic proportion, | 
the compound is of a yellowish colour, and easily fused, 
When heated in water to about 210, there is a decompo- 
sition, and formation of phosphuretted and sulphuretted 
hydrogen gases. When exposed to the air, it instantly 
takes fire, and hence its use in affording a light. ae | 

For preparing the instantaneous light-giving bottles, 
a piece of phosphorus well dried is put into a quarter of 
an ounce phial, with about an equal weight of the flowers. 
of sulphur, and then well corked, and set aside for a few 
days, to allow them to unite. When a light is required, | 
a little of the product is brought out by a common sul- 
phur match, on which, when exposed to the air, it is kin. 
dled, and sets fire to the sulphur. In using these bottles, 
the cork must be left out as short a time as possible, to 
prevent the mixture from absorbing air, by which it may 
be inflamed. They may also be more quickly prepa 
by putting the phial with the mixture into warm watel 
so as to melt the phosphorus, and cause it to act on the 
sulphur; but, as has been already mentioned, ie 4 
very cautious in heating it, the mixture is apt to take 
fire, so that the other, if not required for immediate use, 
is preferable. | | 


1 


i 
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sb hell } x ; fo 
SuLrHuR unites with arsenic, and: forms substance 


A 
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long known by the names of orpiment and realgar, both 
of which are native productions; but they may also be 
formed artificially, the latter by heating sulphur and ar- 
senic, or its compound with oxigen, arsenious acid, and 
the former by the addition of sulphuretted hydrogen to an 
arsenical solution. 'These were at one time supposed to 
differ in their composition, one being considered a sulphu- 
ret, the other a compound of sulphur and arsenic in the 
state of oxid; but this has been disproved by the expe- 
riments of Laugier, who has shewn that they both con- 
tain arsenic free from oxigen, but differing in its propor- 
tion. 
The ingredients are, 
In Realgar, arsenic 100, sulphur 43.67, 
Orpiment, — 100, — 63.93. 
Now as 100: 43.67 : : 47.5: 21 

So nearly 20, that we may consider the first a compound 
of 


1 atom of arsenic, - - = AV.5 
1 atom of sulphur, - - t 20. 
67.5 


And is therefore a proto-sulphuret. But in the second, 
the sulphur is not a multiple of that in the other ; it is, 
however, very nearly one-half more ; so that, if we sup- 
pose it a half, then it is a sesqui-sulphuret, or it may be 
considered a compound of 


2 atoms of arsenic, ae - 95 
3 atoms of sulphur, : ‘ 60 
155 


Realgar is much employed in dyeing, being used for 
de-oxidizing indigo, and allowing it to become fixed on 
cloth. 

Sulphur is found in abundance in the mineral king- 
dom, both combined and in its free state. It exists in all 
volcanic countries, as Italy, Sicily, and Iceland, which 
supply the most part of Europe with it. It is found also 
in great abundance in union with many of the metals, as 
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iron, copper, and lead. Different methods are followed 
for procuring it, according to the state in which it exists. 
When it is combined with earthy matter, as in volcanic 
productions, it is exposed to heat, in large pots, well co. 
vered, to prevent the admission of air ; when fluid, the 
impurities fall to the bottom, and it is then poured into 
moulds, thus forming the cylinders. If the foreign mat-— 
ter should not separate in this way, a greater heat is ap- 
plied, and the sulphur is sublimed, the process being con- 
ducted in pots having receivers adapted .to them, in 
which the vapour is condensed. In procuring metals 
from their compounds with sulphur, they are exposed to 
heat, by which sulphur in vapour is given off, and con- 
densed in chambers connected with the vessel, in which 
the metallic compound is heated. By both of these pro- 
cesses, the flowers are obtained. 
The uses of sulphur are numerous and important. It 
is consumed largely in the formation of oil of vitriol, and 
in the manufacture of gunpowder, in both of which it is 
used along with nitre. (See Nitre. ) a 
It is employed also in medicine internally, as a gentle 
laxative, and externally, in conjunction with lard, as an 
ointment in cutaneous diseases, particularly itch, in 
which it seems to exert some specific action. u 


CHLORINE. 


- . 


WHEN muriatic acid is poured on some bodies that 
contain oxigen, a gaseous fluid of a yellowish colour is 
disengaged, which was long considered a compound. of 
muriatic acid with an additional proportion of oxigen, 
derived from the other substance, and hence its names, 
omigenized and oxi-muriatic acid. It is now, however, 
almost universally admitted, that the gas is a simple 
body, being derived from the muriatic acid, in which it | 
exists in union with hydrogen. This view of its nature 
was first thrown out by Gay Lussac and Thenard, (Re- . 


i 


cherches Phys. Chim. 1811.) ; but they did not main- 
tain it, as they did not think it probable, being so 


CHLORINE. | 255 


completely at variance with the Lavoiserian doctrine 
with respect to acidity ; that it depended on the presence 
of oxigen. Sir H. Davy, however, afterwards asserted 
that this was really the composition of the acid, and that 
the yellow gas must be considered a simple body, and of 
course another acidifying principle. He gave it the 
name of Chlorine from its greenish yellow colour, (from 
xrw~os, oreen,) Phil. Tr. 1810. 

Though the simple nature of chlorine is now almost 
universally admitted, yet the supporters of this doctrine 
are not agreed with respect to the place it should hold 
among other simple bodies ; for there are many who, in- 
stead of considering it as the acidifying principle in those 
acids not containing oxigen, are inclined to look on it 
as the base, and attach a principle of acidity to hydro- 
gen. from the arrangement I have adopted, it will be 
observed that I am of the latter opinion ; and it is from 
the great resemblance between it and sulphur, in most of 
its qualities, that I have thought proper to bring them 
under the same class *. 

Chlorine was discovered by Scheele, when examining 
the nature of the black oxid of manganese, the substance 
always used in its preparation. (Se Manganese.) It has 
since been examined by Berthollet, Sir H. Davy, Dr 
Murray, Dr Davy, and indeed by almost all the chemists 
of distinction of the present time. 

Chlorine is of a greenish yellow colour, has a peculiar 
offensive odour, and is extremely irritating to the eyes, nos- 
trils, and lungs. When breathed pure it instantly proves 
fatal, and even when largely diluted with air, it excites 
severe coughing, followed by headache, deep pain of the 
chest, and general derangement of the system, which con- 
tinue for a considerable time ; and hence the necessity of 
great caution when experimenting with it. It is consi- 
SEES ee ieee lm 

* For a full account of the opinions entertained with respect to the nature of 
chlorine, and of the experiments by which the supporters of the different doc- 
trines endeavoured to establish their truth, the reader is referred to the papers of 


Sir H. Davy, Dr Murray, and Dr Davy, in Nicolson’s Journal, vol. xxxiv. 
Ed. Ph. Tr. vol. viii. An. of Phil. xii. xiii. 
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derably heavier than air, but its specific gravity has been 
variously stated. It is now allowed to be 2500. Its 
atomic weight 45. i 
Chlorine possesses the very remarkable property of 
destroying the colour of almost all vegetable, and also of 
many animal and mineral substances,—a property i 
is most easily shewn with its solution. Re 
It is not altered by heat, light, or electricity, provided 

it is quite dry. . m 
Water very easily absorbs it; the quantity depending 
on the temperature and pressure. At 50 it takes up 
about twice its own bulk of it; and if reduced to 40, 
soft scales are formed, which,’ from their quantity, 
make the solution almost concrete, as may be shewn by 
collecting the gas in jars filled with ice-cold water. I 
a little water be admitted into a bottle of gas, and kept 
at a temperature below 30, dendritic crystals are formed, 
which may be made, by the approach of the hand, t 
sublime from one part to another. These, according t 
Faraday, are a hydrate of chlorine, in the proportion of 

Chlorine © 27.7 . 

Water 12.3 ¥ 

And as 27.7: 72.3:: 45: 113 . 

J Sitka Why 
10 
So that it is probably a compound of 
1 atom chlorine 45. 
10 atoms water 112.5 | f 


And its atomic weight will be 157.5 | 

It was with this substance that he succeeded in pre 
curing chlorine in the fluid form, and which was done b 
putting it into a strong bent glass tube, and then sealin; 
it hermetically. On the application of a slight heat 1 
was volatilized, and two fluids were condensed in the col 
end, the one of a pale yellow colour, the other, whic! 
lay below it, of a dark yellow, and having no tendency t 
mix with it. By the cautious application of heat, the 
were separated, and, on breaking under water the en' 
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containing the latter, it instantly disappeared, and chlo- 
rine gas was given off, (Phil. Tr. 1823.) Hy 

The solution of chlorine in water, and which is easily 
prepared by shaking them in a phial together, is yellow- 
ish, has the offensive smell of the gas, and possesses in a 
remarkable degree the power of destroying colour. Thus, 
if a little be added to red cabbage water, to litmus 
water, or to infusion of cochineal, the colour instantly 
disappears, and, what is very remarkable, it cannot be 
recalled by any other agent. If the colour has been im- 
parted to cloth, it cannot resist the action of the solu: 
tion; a few pieces of printed calico immersed in it be- 
coming white, the time required depending on the nature 
of the dye-stuff. 

Though the solution thus acts so easily on colour, it 
is necessary to employ it when recently prepared, as it 
undergoes decomposition, particularly when exposed to 
light ; the hydrogen of the water uniting with the chlo- 
rine, to form muriatic acid, and oxigen gas being liberat- 
ed, so that instead of banishing the colour, it will change 
it to red. This points out, also, the necessity of keeping 
the solution in the dark, or in earthenware bottles. 

Chlorine has no direct action with oxigen, but they can 
be made to enter into union, and form no less than four 
listinct compounds, two of which are gaseous, and are 
-onsidered oxids, the others are acids. 


PROToxID oF CuLorinxeE, on Evontonixe. 


THis gas cannot. be prepared by the direct union of 
ts ingredients; we are obliged, therefore, to. have re. 
ourse to decomposition. The substances from which it 
$ prepared, are muriatic acid, and chlorate of potassa. 
“See Chlorate of Potassa. Dass 

It was discovered in 1811, by Davy, (Phil. Tr. 1811,) 
vho gave it the name of Euchlorine. It is of a much 
larker yellow colour than chlorine, and’ has, like it, a 
ery offensive smell, being also extremely irritating. Its 


pecific gravity is 2444, and its atomic weight 55. 
VOL. 1. R 
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When subjected to strong pressure, it becomes a deep 
yellow fluid, remaining so at —40, and which, when ex- 
posed to the atmosphere, instantly flies off in gas. | 
Euchlorine freed from water, at first gives a reddish 
tint to vegetable blues, but soon destroys the colour. 
It is unfit for the support of respiration. e 4 
Its most remarkable property is its exploding by the | 
application of a slight heat, and hence, of course, great 
caution is necessary when experimenting with it. The q 
easiest mode of exploding it, 1s to hold a small phial of — 
it, loosely corked, over the flame of a spirit-lamp, by 
which it is decomposed, and resolved into its component 
parts, chlorine and oxigen; at the same time heat and 
light are evolved, and there is an expansion, 5 parts be- 
coming 6, This is considered a very remarkable case of © 
chemical action, as in almost all instances of the evolu« 
tion of heat there is a condensation of the substances em-— 
ployed, which is supposed to be the cause of the evolu- 
tion. r 
The action of the oxid with inflammables is not vio- 
lent. When mixed with hydrogen and heated, it ex- 
plodes, and liquid muriatic acid is formed, part of the 
hydrogen uniting with the oxigen to produce water, the 
remainder with the chlorine to form the acid. . 
When phosphorus is introduced into it, it is inflamed, 
and the same compounds are formed as when burned in 
a mixture of chlorine and oxigen. When charcoal in a— 
state of combustion is put into it, there is a brilliant — 
flash, and it then burns with a dull red light. _ 
Though protoxid of chlorine thus acts with so much 
ease with inflammables in general, yet it is remarkal i 
that it does not act on some of those that are easily n- 
flamed by chlorine. ‘Thus, when copper leaf is put into 
it, there is no action, but if heat be applied so as to 
cause explosion and separation of ingredients, there is an 
immediate action on the metal, the chlorine inflaming it. 
Euchlorine is absorbed by water, which takes up 
about 8 or 10 times its own volume of it. ee 
_ According to Davy it is composed af te 
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are. re Vols, By weight. . — 
Chlorine, 0 5 2 = §000 or 81.82 
Oxigen,  -. 1 = 1111 or 18.18 


and as 81.82: 18.18: : 45: 10. 
So that it is a compound of 


1 atom chlorine, 2 AS 
1 atom oxigen, - 10 
and its atomic-weight is 55 


As the atom of oxigen is. represented by 1 volume, and 
euchlorine is a protochlorid, that of chlorine must be re- 
presented by 2 volumes. 

It has been already mentioned, that by explosion, 5 
volumes become 6, that is, 2.5 become 3, and which 
consist of 2 of chlorine, and 1 of oxigen ; so that in eu- 
chlorine, the oxigen is condensed into half its original 
- volume ; in other words, euchlorine is composed of 

Vols. Vol. 
chlorine, R } condensed into 1. 
oxigen, I 
If so, its specific gravity must be 
2500 x 2 == 5000 + 1111 = SUI _ gts, 


the number formerly stated. 


PERoxIp or CHLorINE. 


* Peroxid of chlorine cannot be procured by the direct 
union of its component parts. We are obliged, there. 
fore, to have recourse to decomposition, and for this pur- 
pose, chlorate of potassa is decomposed by sulphuric 
acid. (See Chlorate of Potassa. ) 

It was discovered nearly about the same time by Davy, 
and Count Von Stadion of Vienna, the former of whom 
gave an account of it, in Phil. Tr. for 1815. 

Itisa gaseous fluid, of a dark yellow colour, having 
a peculiar aromatic odour. Its specific gravity is 2361, 
and its atomic weight 85. Water absorbs about 7 times 
its volume; the solution has the colour of the gas, and. 
has an astringent taste, leaving a disagreeable sensa- 
R 2 
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tion on the tongue. It destroys vegetable colours, with- 
out previously reddening them. f f te | 

When heated to about 112, it explodes with consider- _ 
able violence ; indeed, so much so, that the experiment is 4 : 
dangerous, unless performed on a small quantity, and in’ 
strong tubes. During the explosion, heat is disengaged, _ 
and there is a brilliant flash of light ; and as with the 
protoxid, there is an expansion, 4 volumes becoming 6, 
which contain 4 of oxigen, and 2 of chlorine. Its com- 
position is, therefore, 7 —_ 


Vols. By weight. 
chlorine, 2 — 5000 or 52.97 
oxigen, 4, — 4444 or 4'7.03 


and as 5000 ; 4444:: 45: 40 
So that it is composed of 


1 atom of chlorine, ‘ 45 : ; 
4 atoms of oxigen, “ 40 ‘ 
‘and its atomic weight is 95 
Its composition may be stated also to be 
A Vols. Vols. 
chlorine, . 


: d \ condensed into 4. 
oxigen, 4 


So that the condensation is equal to the volume of the 
chlorine, and if so, its specific gravity must be 
5000 3 4444 9361 


The action of peroxid of chlorine’ with inflammables 
is by no means violent, except with phosphorus, with 
which it explodes with great force, indeed so much so, that 
the experiment is attended with danger, unless perform- 
ed on very minute quantities, or some means be a. 
taken to prevent the action from going on too ra- 
pidly. The safest method of shewing the action, 
is to put at the bottom of a glass of water, A, 
about 10 grains of the chlorate of potassa, the 
salt from which the peroxid is procured, along — 
with some chips of phosphorus, and then pour 
in, through a long funnel, B, a few drops of sul- 
phuric acid, which, by its weight, falls, and. 
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comes in contact with the salt, without mixing with the 
water. The moment it does this, it acts on it, setting 
free the gas, which inflames the phosphorus, so that each 
bubble that comes off is decomposed, and there is there- 
fore no risk of any accident. The products are the same 
as when the phosphorus is heated in a mixture of chlo- 
rine and oxigen. 

Chlorine unites with at least two other proportions of 
oxigen, but as the compounds are acid, they will be con- 
sidered afterwards. 

Chlorine acts in general with great ease with inflam. 
mables, many of which it inflames, without the applica- 
tion of heat, but the combustion is by no means lively, 
not nearly so much so as in atmospheric air. 

When hydrogen is mixed with chlorine, there is no 
action, at a natural temperature, provided they be exclu- 
ded from light; but the moment that heat is applied, 
they explode. For this purpose, the common explod- 
ing bottle may be used, employing equal yolumes of 
the gases. If they be mixed, and exposed to light over 
water, there is a gradual condensation, and consequent rise 
of the water, which, if the gases are pure, will fill the jar. 
When the mixture is exposed to the direct rays of the 
sun, instead of a slow action, there is an instant explo- 
sion. In all of these cases, the chlorine and hydrogen 
unite, and form an acid; and that they do so, is evident, 
by adding cabbage infusion to the water in the jar. It 
is reddened, shewing not only the formation of acid, but 
also the complete change of the properties of the chlorine. 
The compound formed, has been long known by the 
name of muriatic acid. It will be afterwards described. 


CuLorip or Nirrocen. 
~ Chlorine and nitrogen do not act when presented to: 


each other in the gaseous form, but they can be made to 
enter into union by indirect means, and form a sub. 
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stance possessed of very remarkable properties, and which 
has been called chlorid of nitrogen. Res 

It may be prepared by passing a stream of chlorine, 
through a solution of any ammoniacal salt, or through © 
that of ammonia itself, which is a compound of hydro- — 
gen and nitrogen. A preferable mode of preparing it, 
is to fill a common soup-plate with a solution of muriate 
of ammonia, heated to about 100, and over this is to be 
placed a jar of chlorine gas, resting on a piece of lead, 
with a depression, in it to collect the product. The gas 
slowly disappears, and a thin film of a brown oily-look- 
ing fluid is formed on the surface of the solution, and 
collecting into globules, falls into the leaden cup. In 
this experiment all the apparatus must be perfectly clean, 
particularly free from any greasy matter, and the action | 
must be allowed to goon slowly | When prepared, the 
jar must be removed, and experiments performed on it 
in the cup; or it may be got pure, by drawing off the 
water cautiously, with a little bibulous paper ; but for 
most experiments there is no necessity for this. 

Chlorid of azote, was discovered by Dulong in 1812, 
(Ann. de Chim. v. 85.) who was severely injured by it, 
so much so, as to prevent him prosecuting the investiga- 
tion of its properties. Davy, who had been previously in- 
formed of this discovery, afterwards prepared it, and ex- 
amined a few of its qualities, (Ph. Tr. 1813.) 3; but the 
fullest account of it yet published, is by Porret, Kirk, | 
and Wilson, (Nicolson’s Journal, March 1813.) 4 

It is a brownish oily-looking fluid, of specific gravity 
about 1653. It has a peculiar penetrating odour, and 
evaporates quickly on exposure to the atmosphere. In 
vacuo it speedily passes off in vapour, and is again con- 
densed as air is admitted. By the application of calori¢ 
to it in close vessels, it evaporates at 160, and at a little 
below 212, it explodes with tremendous force, the pro- 
ducts being chlorine and nitrogen. It has been ‘subject- 
ed to a temperature —16, without congealing. When. 
left in water it:soon disappears, and azote is generated. 

The most remarkable property of chlorid of azote, is 
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its prodigious exploding power when touched with any 
oily matter, the smallest quantity acting with such 
force as to break the vessels, if of glass or earthenware. 
The safest mode of exploding it, is to keep it on the 
leaden cup, and after removing this from the plate, with- 
out drawing off the water, to touch it with a piece of 
cane dipt in oil, and held loosely in the hand. The pro- 
duct of the action of 8 or 10 ounce measures of chlorine, 
and which will afford a globule of about the size of the 
fourth of a garden pea, is sufficient ; indeed it is danger- 
ous to use more. ‘This, and the ease with which it-is de- 
composed by heat, shew the necessity of extreme caution 
when experimenting with it; indeed, the operator ought 
always to wear a mask, as even with all precautions, it 
sometimes explodes without any apparent cause. 

It is also easily exploded by other bodies, as phospho- 
rus, turpentine, caoutchouc, and many other compound 
inflammables. Metals and resins have no action with it, 

It has been already mentioned, that the only products 
of its explosion are, according to Davy, chlorine and ni- 
trogen; but Porret, Kirk, and Wilson, assert that it 
contains also a little hydrogen, which acts as a medium 
of combination of the others. Davy succeeded, however, 
in decomposing it by mercury, which absorbs the chlo- 
rine, and disengages the nitrogen. | 

From these, and other experiments, it is considered a 
compound of 

4 vols. chlorine, 
1 azote. | 
Its component parts, by weight, must therefore be, 
sp- gr. ch. X 4— 10,000 + sp. gr. az. = 972. 
And as 972: 10,000 :: 17.5: 180 
And sia x= 45. 
So that it is a compound of 
1 atom azote, “ 17.5 
4 atoms chlorine, - 180. 


And its atomic weight is 197.5 


264 - CHLORINE. 


Considering this as its composition, we can easily ac- 
count for its formation. Ammonia, it has been mention-’ 
ed, is a compound of nitrogen and hydrogen, in the ratio 
of 1 atom of the former to 3 of the latter. If we sup- 
pose, then, that 7 atoms of chlorine are employed, 3 of 
these will unite with the 3 of hydrogen to generate muri- 
atic acid, while the remaining 4 will combine with the 5 
of nitrogen to produce the chlorid. 3 


PRoTOCHLORID AND PERCHLORID OF PHOSPHORUS. 


CHLoRINE combines with phosphorus, and forms two 
compounds. Ee 

When a small piece of phosphorus is introduced into 
a jar of chlorine, it immediately takes fire, and burns 
with a feeble flame. A white substance is formed, which 
in general adheres to the vessel. If the phosphorus be 
in larger quantity, a fluid is also produced, which trickles 
down the sides ; the latter is the protochlorid, the former 
perchlorid. | 

Perchlorid of Phosphorus, the concrete matter formed 
by the combustion of phosphorus in chlorine, is white 
and very volatile, rising in vapour at a temperature be- 
low 212. When thrown into water, both are decompos- 
ed, the hydrogen uniting with the chlorine, and the phos- 
phorus with the oxigen, and muriatic and phosphoric 
acids are the products *. According to Davy, 100 of 
phosphorus combine with 600 of chlorine, by weight, . 
the formation of this chlorid: now 


100 : 600: : 15: 90, and > — 46. : j 


So that it is composed of 


a 

* It may be considered as a general rule, that when a chlorid disappears on 
being thrown into water, the hydrogen unites with the chlorine to form muria- 
tic acid, and the oxigen with the other substance to generate either an acid or 
an owid, just as that substance will form, by its union with oxigen, an acid or an 
oxid. If an oxid be produced, it unites with the muriatic acid, and forms 4 
salt called a Muriate. ty) ; 
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Phosphorus 1 atom, 15 
Chlorine 2 atoms, 90 
Bis i - and its atomic weight will be 105 


Though Protochlorid of Phosphorus can be procured 
by the direct union of its ingredients, a better mode of 
preparing it is that pointed out by Davy, (Phil. Tr. 
1812.) which consists in passing the vapour of phospho- 
Tus over corrosive sublimate, or perchlorid of mercury, 
(a compound of 1 atom of mercury and 2 of chlorine,) 
by which the phosphorus unites with 1 atom of the chlo- 
rine to form the protochlorid, leaving the mercury still 
in union with the other. The product is a transparent 
colourless fluid, of sp. gr. 1450. It may be kept any 
length of time in close vessels without undergoing a 
change, but on exposure to air, part flies off, and leaves 
phosphorus behind. It dissolves phosphorus, and on ex- 
posing the solution to air, it is also quickly evaporated, 
and the phosphorus left is inflamed ; and hence its use as 
a means of affording light. When thrown into water, 
both are decomposed, and muriatic and phosphorous acids 
are formed. 

Protochlorid of phosphorus contains exactly half the 
quantity of chlorine that exists in the former; so that it 
is composed of 

Phosphorus 1 atom, 15 
Chlorine 1 atom, 45 
and its atomic weight is 60 

In the decomposition of water by the chlorids of phos- 
phorus, the products must of course vary according to 
the proportions of the ingredients. When protochlorid 
is used, as it and the water contain an atom of each of 
their ingredients, they will again combine, atom to atom, 
the hydrogen and the chlorine to form muriatic acid, the 
phosphorus and oxigen, phosphorous acid, or the com- 
pound with the smallest proportion of oxigen. When 
perchlorid is used, which contains 2 atoms of chlorine in 
ution with 1 of phosphorus, a compound of phosphorus, 
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with double the quantity of oxigen, must be generated, 
because the two of chlorine will take two of hydrogen to 
form two atoms of muriatic acid, thus decomposing Q 
atoms of water, and by which 2 of oxigen will be disen- 
gaged, to unite with the phosphorus to produce phos-— 
phoric acid. 

Though chlorine acts with such ease on inflammables 
in general, it is remarkable that there is no action be- 
tween it and charcoal, provided they are pure, particu 
larly free from water. Even ata high temperature they 
do not act. Thus, in passing the gas through an incan- 
descent tube, stuffed with charcoal, it comes out un- 
changed ; or if a piece of charcoal, in a state of combus- 
tion, be put. into the gas, it is instantly extinguished, 
Though they do not unite directly, yet they can be made 
to enter into union by indirect means, and form 


CHLoRIps OF CARBON. 


Wuen chlorine and olefiant gas, or bi-hydroguret of 
carbon, are mixed over water, they gradually disappear, 
and an oily-looking fluid collects on the surface, from 
which circumstance the latter has derived its name. In 
performing this experiment, there should be rather less 
chlorine than of the other, because, when in excess, it is 
apt to dissolve the product. | Sie 

Mr Faraday has made this substance the subject of 
investigation, and shewn that a chlorid of carbon can be 
got from it, (Ph. Tr. 1821.) He supposes that it is 
compound of chlorine, carbon, and hydrogen, the tw 
last derived from the olefiant gas; and that, by addin; 
more chlorine, it unites with the hydrogen, and leaves 
the others in union. For preparing the chlorid, chlorine 
and olefiant gases are thrown in, one after the other, into 
an exhausted flask, till a sufficient quantity of the fluid 


is collected; taking care to leaye an excess of the former, 
so that, on exposure to the sun’s rays, it will unite with 
the hydrogen, and form muriatic acid, which will be ab- 


sorbed on the admission of a little water. Minute crys- 
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tals of the chlorid are gradually formed, which may be 
purified by sublimation, then dissolving it in alcohol, and 
adding potassa to remove any adhering muriatic acid, 
and by which, at the same time, it is precipitated. 

The substance thus prepared, and which is a perchlorid, 
is a whitish powder, of the sp. gr. about 2000. It fuses at 
320, and boils at 360; and on becoming solid it assumes. 
a crystalline appearance. When heated in oxigen gas, it 
burns with brilliancy. It is decomposed by sulphur and 
phosphorus, which unite with part of its chlorine. 

Faraday succeeded in decomposing it, by passing it 
over peroxid of copper, and from his experiments he 
concludes that it is composed of 

Carbon 10.7 
Chlorine 89.3 
And 10.7 : 89.3;: 15: 135 
But a = 7.5, and or == 45, 
From which it appears to be composed of 
3.atoms of chlorine . 135 
2 atoms of carbon ~ 15 
Its atomic weight being 150 
_ When this perchlorid is passed through an incandes- 
cent tube, stuffed with pieces of rock crystal, it is deecom- 
posed, part of the chlorine is given off, and the remain- 
ing ingredients are left in union, and come over in the 
form of a transparent colourless fluid, the sp. gr. of which 
is 1552. It is insoluble in water, but is dissolved by al- 
cohol. By the application of heat, it evaporates at about 
160 
It is composed of — 
1 atom chlorine, 45. or 85.7 
1 atom earbon, 7.5 or 143 
Its atomic weight being 52.5 100. 
- There is still another compound of carbon and chlo- 
tine, which was discovered by Julin, (An. of Phil. N. S. 


1.) when distilling nitric acid from a mixture of crude 
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nitre and sulphate of iron. According to Faraday, it is 
composed of 4 


1 atom chlorine, 45 
2 atoms carbon, 15 


And its atomic weight is 60 
But its proportions have not been examined *. 


Cuioro-Carsponic GAS. 


CuLoRINE acts easily with carbonic oxid. Provided 
they are exposed to sunshine, a gaseous fluid is formed, 
which was discovered by Dr Davy, and called by him 
Phosgene Gas, from its being procured by the action of 
light. It is prepared by receiving into an exhausted 
flask equal parts of well-dried chlorine and carbonic 
oxid, and exposing them to sunshine, by which they 
combine, and form a compound occupying half the 
original bulk of the gases. — : 7 | 

It is a transparent colourless gas, having a pungent 
odour, and being very irritating to the eyes. Its specific 
gravity must be 3472. , 

Chlorine 2500 + Carb. Ox. 972 = 3472. 

Water absorbs it, but, at the same time, decomposes 
it, forming carbonic and muriatic acids, the atom of hy- 
drogen uniting with the chlorine, and the oxigen with the 
oxid. Though this gas was called by its discoverer Phos- 
gene Gas, yet others are inclined to consider it an acid, 

* In the compounds of chlorine and carbon, we have an illustration of the 
remarks made (p. 155.) with respect to substances combining apparently not in 
multiple proportions. In the chlorid discovered by Julin, the ingredients are 


atom to atom; in that obtained by the action of chlorine on olefiant gas, they 
are 2 to 3, and in the other 1 to 2; so that they are, ik 


Ist, Carbon. 7.5 Chlorine 46. 
2d, Do. 7.5 Do. 67.5 
3d, Do 7.5 Do. 90. 


Now the chlorine in the second is not a multiple of that in the first; but it is 
probable that this is a compound of 1 atom of protochlorid, and 1 atom perchlo- 
rid ; so that, when analyzed, it will yield 2 of carbon and 3 of ‘chlorine, and 
which makes it appear to contain 1 to 12. Par , 
If this view of its composition is correct, the compounds of chlorine and carr 
bon are not exceptions to the rule of multiple proportions. ~ ee oe 
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and propose to call it Chloro-Carbonic Acid. If ‘so, it 
may probably belong to the class of acids containing 
compound bases, as cyanogen and xanthogen, the chlo- 
rine and carbon in union acting as the radical ; but our 
knowledge of its properties is too limited to warrant any 
conclusion of the kind. 


CHLORID oF SULPHUR. 


When sulphur is put into chlorine gas, there is little 
or no action at a natural temperature ; but on the appli- 
cation of heat, it rises in vapour, and is condensed in the 
form of a reddish powder. ‘To cause them to unite, the 
gas must be passed through the sulphur in the state of 
flowers, by which a liquid is formed, of a reddish brown 
colour when viewed with reflected light, but yellowish 
with transmitted light. Its specific gravity is 1623. It 
is volatile, and exhales a pungent irritating vapour. Its 
taste is bitter, causing a tickling sensation in the throat. 
When thrown into water, sulphur is deposited, and sul- 
phurous and muriatic acids are formed, the hydrogen 
uniting with the chlorine, and the oxigen with the re- 
mainder of the sulphur. This substance, though at 
first considered by Thomson, who discovered it, as a com- 
pound of sulphur and muriatic acid, is now allowed to 
be a chlorid of sulphur. 

Davy found that 100 of sulphur absorbed 300 cubic 
inches of chlorine, weighing 228.7 grains. 

And as 100: 228.7 : : 20: 45.77. 
So that we may consider it composed of 
1 atom of chlorine, 45 
] atom of sulphur, 20 - 
Hence its atomic weight is 65 
_ Chlorine was recommended by Morveau for destroying 
the virulence of. contagious effluvia; for which purpose, 
when the apartments are empty, it may be employed with 
great efficacy, but from its irritating nature, it is impossi- 
ble to use itwhen the sick are in them. It is now, however, 
employed in union with lime for this purpose. (Se Lime. ) 
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Its solution in water has been recommended, and indéed. — 
said to be used with the utmost success, in scarlet fever. 
From its remarkable property of destroying colour, it is 
now much employed in bleaching ; but for this purpose, 
it is always in a state of combination with lime. ( Stee 
Lime.) | 4 

In explaining the actions of chlorine with other sub- 
stances, it has been all along considered as a simple body, 
entering into union with others, and forming either acids 
or chlorids. It has been already mentioned, that another, — 
opinion is still entertained with respect to its composi- 
tion. It is supposed that muriatic acid is a compound. 
of a base not yet discovered, and oxigen, and that chlo-— 
rine thay be a compound of this acid with an additional 
proportion of oxigen, and hence its name, oximuriatic.. 
acid. If so, we can easily account for its action with 
other substances. ‘Those compounds called chlorids by 
the supporters of the new doctrine, must be considered 
by the others as containing muriatic acid, and a com- 
pound of oxigen and the body presented to the action 
of the gas. Thus, when sulphur and the gas act, the 
sulphur unites with the excess of oxigen, to form sul- 
phuric acid, while the gas, deprived of its excess of oxi 
gen, becomes muriatic acid. ; 

When the gas and hydrogen are mixed, by which, ac+— 
cording to the new doctrine, there is merely combina-— 
tion and generation of muriatic acid; according to the 
old one, the gas parts with its excess of oxigen to the | 
hydrogen to form water, and muriatic acid is left, with 
which the water unites. Should the substances present- 
ed to the gas form an oxid, then by its union with the 
excess of oxigen the oxid is produced, which com- 
bines with the muriatic acid, and generates a muriate. 
Again, when the gas is acted on by a compound inflam-— 
mable, as olefiant gas, part of the excess of oxigen must 
unite with the hydrogen to generate water, another part 
with the carbon to form carbonic acid, while by the loss 
of the oxigen, muriatic acid is produced; so that the 
compound, chlorid of carbon of the new, is muriatic and — 
carbonic acid of the old doctrine. 
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IODINE. 


IopINE was discovered by M. Courtois, a manufac- 
turer of saltpetre in France, while endeavouring to 
ascertain the cause of the erosion of the iron vessels 
employed in the process for extracting alkaline matter 
from kelp. He gave some of it to Clement, who examin- 
ed it, and read an account of it to the French Institute 
in 1813. Its properties were afterwards more fully in- 
vestigated by Gay Lussac and Vauquelin, (An. de 
Chimie, 90, 91.) and by Sir H. Davy, (Phil. Tr. 1814.) 

It has received its name from swons, violaceous, the 
colour of its vapour. It is always procured from kelp, 
the product of the combustion of sea-weed, and in which 
it exists in union with hydrogen, forming an acid now 
called hydriodic acid. (See Hydriodate of Potass. ) 

Todine, as usually procured, is in the form of small thin 

plates, of a dark colour, and metallic splendour, some- 
what resembling black lead. It has a pungent disagree- 
able odour, similar to that of chlorine, and an acrid 
taste. Its specific gravity is 4946, and its atomic weight 
155. It is a non-conducter of electricity. When put 
on the skin it leaves a brown stain, but which disappears 
in the course of a short time. Like chlorine, it has the 
power of destroying colours, though in a much less de- 
gree. It is very sparingly soluble in water, requiring 
about 7000 parts at a natural temperature. The solu- 
tion is of a brown colour, and has the peculiar odour of 
the iodine itself. 
' When iodine is exposed to heat it melts at 225, and at 
350 it passes into the state of vapour of a beaiitiful violet 
colour, and which condenses in the cool part of the ap- 
paratus in slender dendritic crystals. This experiment 
is most easily performed by putting a few grains of the 
substance into a flask, which may be then tightly corked 
and held over a chauffer so as to heat the whole of it; 
and as there is no waste, the conversion into vapour may 
be repeated as often as we please. 
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The specific gravity of the vapour is 8611, compared 
to air as 1000, at the usual pressure and temperature. f 
Iodine has no direct action with oxigen; it does not 
even unite with it when heated in it; but they can be 
made to combine, and form compounds possessed of acid, 
properties, which will be afterwards described. The 
same is the case with hydrogen, the union being effected. 
by indirect means, and by which acid compounds are 
formed. , 
‘ 
Iop1p oF NITROGEN. A 

Wun iodine is kept in nitrogen, they do not 
unite; but by exposing it to the action of substances, 
containing it, a detonating compound can be formed. 
For this purpose, a few grains of iodine are put into) 
water of ammonia, which consists of hydrogen and, 
nitrogen, and which 1s gradually decomposed, the iodine 
and nitrogen uniting to form an iodid. Or it may be 
procured by using chlorid of iodine, instead of pure 
iodine, by which there is a double decomposition, the, 
chlorine combining with the hydrogen of the ammonia, 
to form muriatic acid, and the iodine with the nitrogen, 
to generate the chlorid. After it is formed, the fluid, 
must be poured on a filter, on which the iodid can be 
collected, and dried by exposure to air. — 
Iodid of nitrogen, as thus procured, is a powder of a. 
brownish colour, which, on exposure to air, flies off in 
vapour. When subjected to heat, it detonates, though 
feebly; and if the experiment be performed in an. ex- 
hausted flask, the only products are iodine and nitrogen, — 
but the proportions have not yet been ascertained. 
Tap 

Iopip oF PHosPHORUS. / oie 


opine combines with phosphorus, and forms an iodid. 
To procure it, 1 of phosphorus ‘is mixed with 10.5. of 
iodine in a small tube. 'They combine, at the same time 
giving out heat, and a brown matter is formed, which 


v 
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fuses at 212, and flies off in vapour, at a temperature a 
little higher. When thrown into water, there is a dou- 
ble decomposition, and hydriodic and phosphorous acids 
are produced, so that the hydrogen unites with the iodine, 
and the oxigen with the phosphorus. If double the 
quantity of iodine be employed, the union is also attend- 
ed with the evolution of caloric, and a dark-coloured 
compound is formed, which is likewise decomposed by 
water, hydriodic and phosphoric acid being the products. 


Iopip oF SuLpuur. 


_ Todine easily unites with sulphur. The union may be 
effected by heating them together in a tube, by which, 
when the sulphur is melted, a substance of a dark grey 
colour is formed, which is decomposed by heat, the iodine 
being driven off in vapour. When thrown into water, it 
is decomposed, and iodine is deposited. The propor- 
tions of its ingredients have not been ascertained. 


CuLorip or Jopine. 


When iodine is put into chlorine gas, there is a gra- 
dual absorption, and production of a dark-coloured com- 
pound, which, when thrown into water, forms a brown 
solution, but which by the transmission of chlorine gas 
becomes colourless. Some have supposed that the com- 
pound thus formed, is an acid, and have given it the name 
of chloriodic acid; while others maintain that it is an iodid, 
and that when thrown into water there is a double de- 
composition, the iodine uniting with the oxigen to form 
lodic acid, and the hydrogen with the chlorine to ge- 
nerate muriatic acid. This opinion is strengthened by 
the fact, that when the solution is treated with salifiable 
bases, salts containing iodic acid are formed. 

- Iodine acts in a peculiar way with sulphuret of car- 
bon. When its solution is added to the sulphuret, glo- 
bules of a pink-coloured fluid are formed, which fall to 


the bottom of the glass, and at the same time the colour 
VOL. I. s 
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of the iodine solution disappears. The nature of this — 
substance has not yet been ascertained, but the action is 
important, as affording an excellent test of the presence 
of iodine, provided of course it is in its uncombined.— 
state. 

Iodine acts also with starch. When their solutions 
are mixed, a blue precipitate is formed, but which is re- 
dissolved if the starch is in excess. The ease with which 
these substances act, affords another excellent test ; In-— 
deed it is so delicate, that the fluid will acquire a blue 
tinge, though it does not contain more than 1-450,000th 
part of iodine, and provided it is in its uncombined state. 
It frequently happens, however, that iodine exists in 
combination, as in the form of an. acid; and when this is — 
the case, the starch;will not act. on it, but it may be made 
to do so by the addition of other re-agents. Suppose it 
in this state, the solution must, be mixed with that of 
starch, after which an aqueous solution of chlorine is pour-_ 
ed on cautiously, so as to keep it floating on the other, 
and in the course of a short time, a blue tinge appears — 
where the fluids are in contact, the chlorine depriving 2 
the iodine of the substance with which it was in unionag | 
and thus enabling the starch to act on it, 

Another method of detecting iodine with starch, is s by, ) 
the action of sulphuric acid. When, for instance, it. 1s; 
in such a state of combination that, the starch does. nda > 
act on it, a drop of sulphuric acid, by depriving it of the 
substance with which it is combined, sets it at liberty, 
and it then unites with the starch to form the blue com-_ 
pound by which we have an indication of its presence. rs 

Iodine, it has been already mentioned, is always pro- 
cured from kelp, the product of the combustion of sea- 
weed, in which it exists as an acid, in union with an al 
kali. It has been found also in sea water, and in diffe-_ 
rent marine productions, as sponge, coral, and shells of 
mollusca. It has likewise been detected in small quan- 
tity, in different mineral sulphureous waters. It is not. 
put to any particular use, excepting as a cure for scro>_ 
fylous diseases, in which it is generally administered, in. 
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ternally in the form of tincture, and externally as an 
- ointment. 


SELENIUM. 


Tue sulphur procured from the pyrites of Fahlun in 
Sweden, when employed in the preparation of oil of vi- 
triol, was observed to leave a reddish brown matter, 
which was supposed to contain arsenic, but Berzelius, 
during his investigation into its properties, discovered 
that it contained a substance of a peculiar nature, to _ 
which he gave the name of Selentwm,(An. of Phil. xiii.) “’ 
It has, however, as yet been obtained in very small quan- 
tity, so that we are not much acquainted with its proper- 
ties. 

Selenium differs in its appearance, according to the 
mode of preparing it. After being fused, it has a deep 
brown colour, and metallic lustre. When reduced to 
powder, it is cinnabar red, but during the pulverization 
it sticks together and becomes grey. Its specific gravity 
is 4840. Its atomic weight, according to Thomson, is 
50. It is a bad conductor of caloric, and of electricity. 
‘When heated to 212, it becomes semifluid, and at a few 
degrees higher is liquefied. If it be allowed to cool 
slowly, it again becomes of a softish consistence, in which 
state it can be drawn into threads, and beat out to plates. 

When heated in close vessels, it passes off in vapour, 
rather darker than that of chlorine, and which condenses 
in the cool part of the apparatus, either’ in the form of 
dark-coloured drops, or in flowers of a cinnabar colour, 
according as it is cooled. . 

When heated in large vessels full of air, a vapour, 
having the odour of horse-radish, is. formed, which is a 
mixture of two compounds of selenium and oxigen, the 
one an oad, the other an acid, To procure the former, 
the gaseous matter generated by the heat must be wash- 
ed with water, by which the latter is absorbed, the oxid 
being but sparingly soluble in it. Tts properties have 

sQ 
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not been examined. The other compound will be de- 
scribed with the acids. ah 
Selenium enters into union with hydrogen, and forms 
a compound called selenuretted hydrogen ; but as it is an 
acid, it will be afterwards described. | 


PHOSPHURET OF SELENIUM. 


Selenium unites with phosphorus, and forms a plios- 
phuret, which may be procured merely by heating them 
together, excluded from air. The compound is fusible, 
having a dark colour, and vitreous aspect. When digest- 
ed in water, like other phosphurets it is decomposed, the 
oxigen uniting with the phosphorus, and the hydrogen 
with the selenium, to form phosphoric acid, and selenu- 
retted hydrogen. 


SuULPHURET OF SELENIUM. 


Selenium unites also with sulphur, merely by fusiom 
but it is difficult to procure the sulphuret pure in this 
way. It is more easily obtained by passing a stream 0 
sulphuretted hydrogen through a solution of selenic acid 
by which the hydrogen and oxigen unite to form water 
and the selenium and sulphur to generate a sulphuret 
which requires to be washed with a little muriatic acid. 

The sulphuret thus formed is fusible at a tempera 
ture below that of boiling water, and by the applicatio 
of a stronger heat is volatilized, but without decomposi 
tion, provided air is excluded. If it is present, the sul 
phur is burned, and the odour of horse-radish is per 
ceptible, from the union of the selenium with oxigen. — 


CHLORID OF SELENIUM. 


_ When selenium is put into chlorine, its temperature 1 
elevated, there is a gradual absorption of the gas, and 
brown liquid is formed, which becomes white and soli: 
as the absorption proceeds. It is chlorid of selenium 
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When heated in contact with an additional proportion 
of the latter, a yellowish fluid is formed, which, when 
thrown into water, deposits selenium, and muriatic and 
selenic acids are generated, the former by the union 
of the chlorine and hydrogen, the latter by that of the 
selenium and oxigen. 

The method followed by Berzelius for procuring sele- 
nium, consisted in boiling the matter containing it in 
nitro-muriatic acid, by which it was converted into 
selenic acid, and then passing sulphuretted hydrogen 
gas through the solution, to throw it down in the state 
of sulphuret, from which, by a very complicated process, 
selenium was procured. A more easy mode of preparing 
it has been pointed out by Lewenau, (An. of Phil. N.S. 
vill.) It consists in repeatedly digesting the Fahlun 
sulphureous matter with nitro-muriatic acid, and distil- 
ling nearly to dryness; dissolving the residue, which is 
selenic acid, in water, and mixing with the solution the 
salt called sulphite of ammonia, which, by its attraction 
for oxigen, deprives the acid of it, and deposits sele- 
nium. 

From what has now been said of the properties of sele- 
nium, it will be observed, that though Berzelius, when 
he discovered it, placed it among the metals, it is more 
nearly allied to sulphur, and hence I have chosen to 
rank it in the class of bodies acidifiable by oxigen and 
hydrogen. 


FLUORINE. 


Wuen sulphuric acia is added to the mineral called 
Derbyshire, or Fluor Spar, a gaseous substance is given 
off, which, so early as the year 1670, was remarked to cor- 
rode glass. This elastic fluid, when found to be possessed. 
of acid properties, was considered to be similar in its com- 
position to other acids, that it contained a base in union 
with oxigen; but all attempts to decompose it proved un- 
successful. After the views of Davy, with respect to 
the nature of chlorine and muriat¢ acid, had gained 
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considerable ground, Ampere conjectured that fluoric, 
like muriatic acid, might contain a base in union with 
hydrogen; which idea of its constitution, though at first 
opposed by Davy, was afterwards supported by him. 
He published an account of several experiments, (Ph. 
Tr. 1813,) performed with the view of ascertaining the 
true nature of the acid, and of discovering its base, in 
which, however, he did not succeed; but he asserts that 
the results warrant the conclusion, that the views of 
Ampere are correct. ‘The reason which induced Davy 
to adopt this opinion, is the resemblance between the 
habitudes of fluoric and muriatic acid, particularly the 
phenomena presented by them, when subjected to gal- 
vanism. When muriatic is under its influence, hydrogen 
is given off at the one wire, and chlorine from the other. 
When fluoric acid, perfectly free from water, was treat- 
ed in the same way, the wire, from which there was an 
evolution of hydrogen in the former instance, also yield- 
ed it in this; while the other became covered with a 
chocolate-coloured powder, which Davy imagined was the 
base of the acid in union with the metal of the wire. 

In other trials, he supposed the base was disengaged, 
but instantly united with the other body presented to it, 
or with the materials of the vessel in which the experi- 
ment was performed, and hence the difficulty, nay almost 
the impossibility of obtaining it in its separate state, 
Davy has, however, no doubt that the acid contains hy- 
drogen in union with a substance, similar in its nature 
to chlorine and iodine, and to which he has given the 
name of Fluorine, 


SECTION IV. 


COMPOUND ACIDIFIABLE BODIES. 


CYANOGEN. 


W urn describing the properties of carbon, it was men- 
tioned that it enters into union with nitrogen, and forms 
a gaseous compound, discovered in 1815, by Gay Lus- 
sac, (An. de Chim. xcy.) and to which he gave the name 
of Cyanogen, a term derived from xvave, ceruleus, owing 
to the blue colour of one of its compounds, long used 
as a paint. 

Instead of describing it under Carbon, I have thought 
proper to bring it in under the class of acidifiable bodies, 
as sulphur and chlorine, to which, in many respects, it 
bears a strong resemblance. Thus it unites both with 
oxigen and hydrogen, and forms acids. It combines 
also with simple bodies, and forms compounds called — 
cyanids, or cyanurets, many of which resemble sulphurets 
and chlorurets in their action with water, the hydrogen 
uniting with the cyanogen, and the oxigen with the — 
base. * | 

Cyanogen cannot be procured by the direct union of 
its ingredients, we are obliged therefore to have recourse 
to decomposition. ©The substance from which it is 
usually obtained, is that commonly called Prussiate of 
Mercury, but more properly cyanuret of mercury, a com- 
pound of mercury and cyanogen. (See Iron.) 
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Cyanogen is a transparent, colourless, elastic fluid, hay- 
ing a strong disagreeable odour. Its specific gravity is _ 
1805, 100 cubic inches weighing 55 gr. When subject- 
ed to strong pressure, (Faraday, Ph. Tr. 1823,) it be- 
comes a colourless fluid, which, when exposed to the 
atmosphere, slowly passes off in the state of gas, pro- 
ducing a great degree of cold. When mixed with water, 
under increased pressure, there is a gradual action, the 
mixture becoming dark coloured. 

Cyanogen is not affected by exposure to intense heat, 
provided air is excluded ; but if it be present, it takes 
fire, and burns with a pale red flame. When heated 
with oxigen it explodes, and for complete combustion it 
requires twice its volume, by which 2 of carbonic acid 
and 1 of nitrogen gas are produced. Now, as carbonic 
acid is known to contain its own bulk of carbon TAPCO 
it is evident that cyanogen must consist of 


Vols. 


Nitrogen, - 1 2 : . 
Carbon gas, 2 condensed into 1 ; 
And hence its composition by weight must be, 


Sp. gr. of carbon vapour, 416 x 2 == 832 


Sp. gr. of nitrogen, 972 
and as 972: 832::17.5:15 
And = = 5 
So that it is a compound ae , 
1 atom of nitrogen, 17.5 | 
2 atoms 43 carbon, 15. 


and its atomic weight is 32.5 

Indeed, its composition by volume shews this; for the 
atom of each of its ingredients is represented by 2 vo= 4 
lumes, and as it contains 1 volume of nitrogen to 2 of — 
carbon, it must have 1 atom to 2. _ Hence also its speci-. 

fic sa oie must be, 
832 + 972 — 1804. 
Water absorbs 43 times its volume of cyanogen, but. 


\ 
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at the same time there is a slight decomposition ; for the 
solution reddens vegetable blue, owing to the formation 
of a little acid, by the cyanogen combining with some o 
the ingredients of the water. ’ 

Cyanogen enters into union with oxigen and with hy- 
drogen, and forms acids possessed of very peculiar pro- 
perties. It combines also with some of the other simple 
substances already described, particularly with sulphur 
and chlorine, and also produces acids, which will be 
afterwards described. 

Cyanogen, it has been already stated, enters into union 
with other simple bodies, and forms compounds called 
eyanids, or cyanurets, which in their properties resemble 
chlorids and sulphurets, particularly in their action with 
water, the hydrogen uniting with the cyanogen to form 
hydro-cyanic acid, and the oxigen with the other sub- 
stances, to form an oxid, with which the acid combines ; 
so that cyanurets, like chlorurets, sulphurets, &c. are 
changed to salts by water. These cyanurets will be 
afterwards described when considering the metals. 


XANTHOGEN. 


Tuts is another compound acidifiable base, similar in 
‘many respects to cyanogen, and which is supposed to 
contain sulphur and carbon. It was first noticed by M. 
Zeisse, (Ann. de Chim. et de Phys. Xx.) who gave it 
the name of xanthogene, derived from favtos, yellow, from 
the colour of some of its compounds. . 

When Li-sulphuret of carbon is mixed with an alcoholic 
solution of potassa, the alkali becomes neutralized by an 
acid, which is a compound of sulphur, carbon, and hy- 
drogen, the two former apparently constituting a com- 
pound base, acidified by the hydrogen, and which Zeisse 
has proposed to call hydro-xanthic acid. When to the 
solution thus formed, a metallic compound is added, 
there is in general precipitation of a substance, supposed 
to consist of the metal in union with xanthogen, the hy- 
drogen of the acid having united with the oxigen of the 
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metal, and thus left the metal and xanthogen to combine. 

The compounds formed in this way are called xanthids, — 
or wanthurets, and are of course analogous to sulphurets, © 
chlorurets, &c.; and hence it is that xanthogen must be | 
taken in the same class with sulphur, chlorine, and iodine, | 
because it is not only acidified by hydrogen, but also 
forms compounds, which are acted on by water, in the 


same way as those of sulphur, chlorine, &c. 


Ir has been already mentioned, (p. 269.) that chloro- 
carbonic or phosgene gas, is by some considered an acid}; 
and as it contains chlorine, carbon, and oxigen, if it 
should really be found to have acid properties, it is not 
at all improbable that the chlorine and carbon will act as 
a compound radical, oxigen being the acidifying prin- 
ciple. Should this view of its composition prove correct, 
we shall have both simple and compound acidifiable bo- 
dies, oxigen and hydrogen acting throughout as the aci- 
difying principles. : 


SECTION V. 


ACIDS. 


A.ccorprne to the doctrine of Stahl, which so long sway- 
ed the minds of chemists, acids were considered simple 
substances, the inflammables which formed them being 
supposed to be compounds of them and phlogiston ; ac- 
cordingly, when an inflammable underwent combustion, 
the phlogiston, it was imagined, was evolved, and the 
simple base, the acid, was left. Lavoisier was the first 
who called this opinion in question, and at last, by nume- 
rous well-conducted experiments, completely overthrew 
it, and established another in its stead, founded on the 
facts deduced from the experiments by which he was en- 
abled to overturn that of Stahl, (p. 177.) Lavoisier 
held it as a general rule, that acids are composed of a base 
and oxigen. Thus, he found that when phosphorus was 
burned in it, an acid was formed, equal in weight to that 
of the inflammable, and of the elastic fluid consumed. 
By exposing the compound to the action of other sub- 
stances, as charcoal, phosphorus was liberated, and an- 
other acid generated; hence the conclusion was natural, 
that the first formed compound contained phosphorus 
and oxigen. Lavoisier obtained similar results with 
other acids, and though some of them could not be made 
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to yield oxigen, yet, reasoning from analogy, he conclud- 
ed that they were all compounds of a base and this elas- 
tic fluid. He therefore considered it as the principle of 
acidity, and hence its name. . 

Sir H. Davy was the first who was inclined to call in| 
question the accuracy of the Lavoisierian doctrine, though 
Gay Lussac had previously thrown out conjectures con- 
cerning it. One acid, the muriatic, though exposed to 
the action of many substances that attract oxigen power- 
fully, could not be made to yield it. Davy therefore 
asserted, that it did not contain it, but that it was 
a compound of hydrogen and another simple body, 
chlorine. Other substances have since been discover- 
ed, which, according to him, generate acids by their 
union with hydrogen; he therefore concluded, that oxi- 
gen is not the only acidifying principle, but that chlorine 
and iodine may be also reckoned as belonging to the 
same class. _ 

The doctrine of Davy, though at first received with 
very great caution, as tending to overturn that of Lavoi- 
sier, established apparently on so sure a foundation, 
is now universally admitted, more particularly, that 
acids exist in which there is no oxigen. ‘Though Davy 
considered chlorine and iodine as acidifying principles, 
yet others maintained that hydrogen is the principle of 
acidity in those not containing oxigen. From the arrange- 
ment I have adopted, it will be perceived, that if we are 
really to attach a principle of acidity to certain bodies, 
it should be given to hydrogen, because we find that sul- 
phur, chlorine, and iodine, unite with oxigen, and form 
one set of acids, and with hydrogen to generate another. 

As there are different acids containing the same ingre- 
dients, the French chemists, when they constructed their 
nomenclature, gave them names having different final 
syllables. Thus, that of the one with the largest propor- 
tion of oxigen, had the final syllable in ic; that with the 
smaller in ows; as sulphuric, sulphurous ; nitric, nitrous- 
But acids have been lately discovered with smaller and 
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larger proportions of oxigen than those known when 
the French nomenclature was constructed, and to distin- 
guish them, the words hypo and hyper (imo, under, ime, 
above,) are attached ; thus, hypo-sulphurous acid is one 
with a less proportion of oxigen than exists in sul- 
phurous acid: hyper-chloric acid is one with a larger 
quantity than there is in chloric acid. 

Since the views of Davy have been brought forward, 
a new nomenclature has been proposed for those acids 
not containing oxigen. It has been recommended to put 
the word hydr before their names, to shew that hydrogen 
is one of their component parts. Thus, we speak of the 
hydr-acids, as hydro-chloric, hydr-iodie acid, &c. 

The acids have many properties in common. They 
have a sour taste, and most of them corrode animal 
and vegetable matter. Their distinguishing feature is 
reddening vegetable blues, as infusion of purple cabbage, 
violets, litmus, &c. 

In describing the acids, they will be divided into two 
classes. 

Ist, Acids with oxigen, or oxi-acids. 

2d, Acids with hydrogen, or hydr-acids. 


ACIDS WITH OXIGEN. 
Nitric Acip. 


Nirric Actp, in its impure state however, has been 
long known, and in use in the arts, under the name of 
aquafortis. As generally purchased, it is of a yellowish 
colour, more or less deep, owing to its containing nitric 
oxid in solution ; and besides, it has in general also a 
little sulphuric and muriatic acids, derived from the sub- 
‘Stances used in its preparation. When pure it is trans- 
parent and colourless, having a peculiar odour, and a 
sour taste, and possessing, in a remarkable degree, the 
characteristic features of acids, being highly corrosive, 
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and changing vegetable blues to red. Its specific gravity — 
has been differently stated. In general it is about 1550; ® 
but this depends greatly on the method followed in pre- 
paring it. By the abstraction of caloric it congeals, but 
the point of congelation varies according to its strength; 
and what is very remarkable, when it is: diluted with a — 
certain quantity of water, the congelation occurs at a 
higher temperature than when mixed with more or — 
less. Mr Cavendish found that the strong acid became 
solid at —41.6; but when diluted, so as to make it 
of sp. gr. about 1300, it congealed at. —2, while by add: 
ing more water, it again required a much lower tem- 
perature; indeed it was nearly the same as that of the 
strong acid. 

The boiling point of the acid also varies according to’ 
its strength. And it is also remarkable, that at a certain” 
specific gravity it is much higher than when it is either 
weaker or stronger, and at that, and that alone, it al- 
ways passes off in vapour of the same density. Dalton , 
ascertained that the specific gravity alluded to is 1423.7, © 
at which the boiling point is 248. When the acid is 
stronger or weaker than this, the point of ebullition 
becomes lower. If weak acid be used, the weakest 
part first comes over, whereas, when concentrated, the 
strongest part is first distilled; so that m the former 
case the residue in the retort becomes sgronger, and in the ~ 
latter it becomes weaker, till in both it arrives at the speci- 
fic gravity 1423.7, and then the point of ebullition con- 
tinues steady, and the vapour, when condensed, is of the : 
same strength as that in the retort. . 

Nitric acid is decomposed by subjecting it to a strong 
heat, as when its vapour is passed from a retort through — 
an incandescent tube, (cut, p. 138 ;) a gas comes off mixed — 
withred fumes, but which are absorbed by the water of the 
trough, while the other may be collected. It is a mixture 
of oxigen and nitrogen with the former in large propor- 
tion, for when a taper is introduced it burns with great: 
splendour; and after the combustion is over, and the 
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vapour formed is allowed to be absorbed by water, the 
residual gas is nitrogen. 

Nitric acid is decomposed also by light. If a phial of 
it be exposed to sunshine, it gradually acquires a yellow- 
ish and ultimately a brownish tinge, which is owing to 
the formation of a little nitric oxid which is absorbed, 
at the same time oxigen gas is disengaged. Hence the 
necessity of keeping the acid excluded from light. 

These experiments prove that nitric acid is composed 
of oxigen and nitrogen; for the discovery of which we 
are indebted to Cavendish, though Priestley and La- 
voisier had been previously led to suppose, from some of 
their experiments, that this was its constitution. The 
composition was proved synthetically by Cavendish, by 
passing electric sparks through atmospheric air, either 
alone or mixed with oxigen gas. For this purpose wires 
from the conductors of the machine were passed into a 
tube, the open end of which was placed in a cup of mer- 
cury, over which there was a solution of potassa. After 
the transmission of the sparks the air was diminished, 
and the odour of nitric acid was perceptible. A piece 
of paper dipt in the alkaline solution, deflagrated in 
the same way as when soaked in a solution of nitre, 
which is a compound of potassa and nitric acid. Hence 
Cavendish concluded that the oxigen and nitrogen had 
been made to enter into union and form the acid, a con- 
clusion confirmed by the analytic experiments just men- 
tioned, its decomposition by heat and light. Though 
the composition of the acid has been proved, yet very 
different statements have been given with respect to its 
proportions. According to an experiment of Cavendish, 
conducted on a large scale, they were fixed at 72.2 oxi- 
gen, 27.8 nitrogen. From the experiments of Henry 
and others, it has been shewn to be a compound, sup- 
posing it quite free from water, of 


, Vols. weicht, 
Nitrogen, . is 59) cH 26 . 
Oxigens: og 4 . 5 “4 


and as 26: '74::17: 50 
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so that nitric acid, supposing it free from water, isa 


compound of oe 
1 atom of nitrogen, 17.5 
5 atoms of oxigen, 50. 
and its atomic weight is 67.5 : 


Nitric acid unites very easily with water; indeed, so 
strong is the attraction between them, that it cannot be 
procured free from it. The quantity of real acid, in 
acids of different specific gravity, has been variously 
stated. The latest experiments are those of Thomson, 
(First Princ. i. 114.) from which he has constructed : 
table of their composition. (See Appendiz. ) 

According to Thomson, acid of specific gravity 1423, %, 
seems to be the compound in which the parts are held to- 
gether most powerfully, and is composed, as the table 
shews, of 1 atom acid, and 4 water. It is that, which, it 
has been already remarked, boils at 248, the boiling point 
continuing all the time the same, and giving off vapour, 
which, when condensed, is also of the same specific gra- 
vity. 

When nitric acid is mixed ith ice, there is a consider- 
able reduction of temperature, but it 1s necessary to use 
it diluted, because when of a certain strength, the pro- 
duct congeals easily, and the action ceases. When pre- 
viously mixed with 1-5th of water, and poured on snow; 
the temperature falls to —30. a 

Nitric acid has no action with oxigen or nitrogen. | 

When exposed to nitric oxid, it absorbs it rapidly, and 
gradually changes its appearance, first becoming pale, 
then dark yellow, next brown, and lastly green. The 
absorption of the oxid by the acid is easily effected. 
For this purpose, put into a bottle some pieces of coppers 
and pour on it nitric acid, diluted with two parts of 
water. Adapt a bent tube, passed through a cork, and. 
allow the action to go on for some time, by which nites | 
oxid is disengaged ; then put the open end of the tube m- 
to a phial, containing colourless acid, and as the bubbles’ 
of gas are absorbed, the acid will become coloured, the 
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colour becoming darker as the quantity increases. The 
properties of the compound formed, will be noticed 
when describing Nitrous Acid. 

Nitric acid acts easily with inflammables, the change 
effected on the acid being the same with all, but the pro- 
ducts differ according to the combustible employed. 

When exposed to hydrogen at a high temperature, as 
when its vapour is passed along with it into an incandes- 
cent tube, there is an immediate decomposition, the oxi- 
gen and hydrogen uniting, and causing explosion, so that 
the experiment must be performed with great caution. — 

Phosphorus and sulphur also easily decompose it; in 
fact the action is so violent, that for the safety of the 
operator, it is necessary to dilute the acid with about 
two parts of water. When they are put into a flask and 
heated, the inflammable gradually acquires oxigen, and 
is converted into phosphoric or sulphuric acid, while by 
the loss of oxigen, ‘the other becomes nitric oxid, which 
flies off in the form of gas. 

The action with carbon is similar, but it requires the 
aid of heat. If a few drops of acid be thrown into a cru- 
cible of hot charcoal, beautiful sparks are thrown out, 
and nitric oxid is disengaged. When the acid is boiled on 
the charcoal, the same gas is evolved, and it gradually 
acquires a dark colour. On evaporating the fluid, a clam- 
my substance is left, resembling in some of its properties 
the astringent principle of vegetables. 

Nitric acid is no where in nature found in its pure 
state. It is generated by the putrefaction of animal and 
vegetable matter, and it may also be formed by passing 
electric sparks through air, as in the experiment of Ca- 
vendish, but it is not prepared in either of these ways for 
use. It is always procured by the decomposition of salts, 
in which it exists as a component part. That usually 


employed is nitre. (See Nitre. ) 


Nitrous Acip. 


WueEn describing the properties of nitric oxid, it was 
VOL, I. T 
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mentioned, that when mixed with air it unites with 
oxigen, and forms nitrous acid. If, instead of air, 
oxigen be employed, the gases also combine, and the 
same compound is formed. From the experiments of 
Davy, (Elements,) and of Thomson, (First Pr.) four 
of the oxid require two of oxigen, by which a brownish 
gaseous substance is formed, and which continues in this 
state, provided water is excluded ; the moment, how- 
ever, that it is admitted, there is an absorption, the fluid 
acquires a greenish colour and a sour taste, and has the 
power of reddening vegetable blues. The substance 
thus formed, by the admixture of the gases, is pure ni- 
trous acid, and as in its formation there are required, 


oxigen, - - se “es 
aden 


oxid 4, containing hinge 9 9 
nitrogen, = 


it is evident it must be composed of 
=e Vols. Atoms. 
nitrogen, Q2—-1=>1%75 
oxigen, 4) 4 — 40. 


andits atomic.weightiill.te lageanl | 


Though liquid nitrous acid may be procured by the 
absorption of the gas thus formed, it is never prepared 
in this way for use, being always obtained by the decom- 
position of nitre by sulphuric acid. ( See Nitre.) & 

The fluid commonly purchased as nitrous acid, must 
not, however, be supposed pure, for besides nitrous, it 
contains nitric acid, and nitric oxid; and hence the dif- 
ference in its appearance, being sometimes of a dark 
brown, and occasionally, though less rarely, green. - 

Liquid nitrous acid resembles in many respects nitric 
acid, but in general acts more powerfully on inflamma- 
bles. "When exposed to a moderate heat, it is decompos- 
ed, nitric oxid is disengaged, and the residue becomes 
colourless, and has all the properties of pure nitric acid, 
and hence the method of procuring that acid. (See Nitre. ) 

When exposed to air, a similar change takes place, by 
which its colour is destroyed, and nitric acid is formed. 
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- Its action with water is peculiar, the appearance and 
properties of the product differing according to the pro- 
portions. When the dark nitrous acid is mixed with a 
large quantity of it, the fluid acquires a bluish tinge, 
but if the acid be in excess, the colour is olive green. 
These changes depend on a chemical action between the 
acid and water, for nitric oxid is disengaged, and the 
product is diluted nitric acid. Supposing, therefore, 
that the acid is pure, it is evident, that by the ad- 
dition of the water, one part of it must be made to de- 
prive the other of oxigen, by which the former becomes 
nitric acid, the latter nitric oxid; and hence it is that 
we cannot have diluted nitrous acid, the admixture 
of water always converting it to nitric. The same is the 
case when it is added to any salifiable base, as an alkali, 
it is decomposed, nitric oxid gas being evolved, and the 
nitric acid formed then enters into union with the other 
to produce a salt. It is this which has made some sup- 
pose, that nitrous is not, a distinct acid, but a com- 
pound of nitric acid and. nitric oxid; an opinion which 
seems strengthened by the fact, that as yet we have not 
by any means been able to cause it to enter into union, 
and form salts, for, though Berzelius has stated that 
he has succeeded in doing so, yet the later experiments 
of Gay Lussac warrant the conclusion, that the com- 
pounds formed do not contain nitrous acid. (An.,de 
Chim. et de Phys. i. 409.) 

_ According to Davy, the different coloured acids con- 
tain different quantities of nitric oxid. 

Acid. Oxid. Water. 


Pale yellow acid, 90.5 1.2 8.3 
Dark orange do. 86.84 556 7.6 
Dark olive, ‘ 85.4 10s Seay 
Bluish green, - 84.6 8. 7.4: 


Nitrous acid, it has been mentioned, acts with great 
ease on inflammables; indeed, with some the action 
is so violent, that it is attended with considerable dan- 
ger. With some of the compound inflammables it is 
very violent. Thus, if half an ounce of oil of turpentine 

r 2 
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be put into a flask, and about as much nitrous acid be: 
poured on it, there is a sudden disengagement of gaseous 
matter, which instantly takes fire. ‘This experiment suc- 
ceeds with more certainty, if the acid be slightly heated, 
and a few drops of oil of vitriol be added to it, just be- 
fore throwing it on the turpentine. As the disengage- 
ment of gas is considerable, it is necessary to use @ wide 
mouthed flask, which should be placed under a chimney, 
and the acid should be poured in from a glass tied to the 
end of a long stick. a 
Nitric and nitrous acid are employed in medicine, eX- 
ternally as an escharotic, internally, when much diluted, 
in the venereal disease. They are used also in pharma- 
cy, in dyeing, and for etching on iron and copper. To 
chemists they are of vast importance, being ready sol- 
vents of many of the substances on which they have to 
operate, and hence their use in analysis. The vapour of 
nitrous acid is now also much employed for purifying 
apartments, in which those afflicted with contagious dis- 
eases have been confined. (See Nitre.) ; 


i 


Ms 


Hyro-Nirrovus AcrIpD. 


From the experiments of Gay Lussac, (An. de Chim. 
et de Ph. i. 400.) it appears that there is still another 
acid of oxigen and nitrogen, and to which the name of 
hypo-nitrous acid has been given. : K 

According to Dalton and Gay Lussac, it may be form- 
ed by exposing mixtures of nitric oxid and oxigen, over 
solutions of potass, by which, when generated, it unites 
with the alkali. It has not, however, been obtained in 
its separate state, being always decomposed when a 
stronger acid is added to its compound, with the view of 
expelling it. % 

According to Gay Lussac, hypo-nitrous acid has less 
oxigen than there is in nitrous acid, being intermediate 
to it and nitric oxid. Now, as the former contains = | 

1 atom of nitrogen, th 
4 atoms of oxigen, . Bd 
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and the latter, 
1 atom of nitrogen, 
2 atoms of oxigen, 
hypo-nitrous acid must be composed of 
1 atom of nitrogen, 17.5 
3 atoms of oxigen, 30. 


andiits atomic weight will be AGS 


Five compounds of nitrogen and oxigen have now been 
described, and in these we have a beautiful illustration of 
combination, in definite proportions. 

Nitr. Atoms. 


Protoxid of nitrogen, 100 vol. 50 2.75 
Peroxid of nitrogen, 100 100 3.75 
Hypo-nitrous acid, 100 = 150 475 
Nitrous acid, 100 =200 5.75 
Nitric acid, 100 250 6.75 


Carsonic ACID. 


Carsonic ACID, in its pure state, exists in the gaseous 
form. It was the first elastic fluid discovered different 
from the air of the atmosphere. Though it must have 
been often observed during many cases of chemical ac- 
tion, it was not known as a distinct body till the im- 
portant discovery of Dr Black, who pointed out the dif- 
ference between it and the atmospheric air, and thus 
laid the foundation of Pneumatic Chemistry. After 
he had proved it to be a peculiar substance, its proper- 
ties were examined by Priestley, (Essays, i. 43.) Berg- 
man, (Opusc.) and Cavendish, (Ph. Tr. 1766.) Dr 
Black afterwards found that it was generated by the 
combustion of coal and charcoal, which induced Lavoi- 
sier to investigate its properties, by which he was led to 
the discovery of its composition, (Mem. Paris. 1776,) 
since which numerous experiments have been performed, 
with the view of ascertaining the proportions of its ingre- 
dients, by Allan and Pepys, Davy, and others, (Ph. Tr. 
1807, 1814.) When first discovered, Black gave it the 
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name of fixed air, from its being found in a condensed 
state in some of the compounds of the alkalies and earths. 
It was afterwards called aerial and mephitic acid, the 
latter applied to it because it proved noxious to ani- 
mal life. All of these have, however, given way to that 
of carbonic acid, the name used by Lavoisier, shewing 
that its ingredients are carbon and oxigen. 

The experiments by which the proportions of its com- 
ponent parts have been ascertained, have already been 
detailed at full length, (p. 225.) It is unnecessary, there- 
fore, to recapitulate them ; it is sufficient to say, that, 
they are now generally considered to be, 


carbon, 2 28 
oxigen, - 742 
that is, 
1 atom of carbon, 7.5 
2 atoms of oxigen, 20. 


and its atomic weight i is 27.5 

Though carbonic aeid gas can be prepared by burning 
carbon in oxigen, yet it is never procured in this way for 
use, being always obtained by the decomposition of com+ 
pounds, into which it enters as a component part. That 
generally employed is chalk, which is a compound of lime 
and carbonic acid, and all thatis necessary, is to pour on it; 
placed in a retort, another acid, as muriatic, diluted with 
about 6 of water, to prevent the action from being too 
violent. (The muriatic acid and lime combine, while the 
carbonic acid gas is liberated, and may be collected in 
jars on a water trough. : og 

Carbonic, though a feeble acid, is one of very great 
importance, not only from its general diffusion through 
the objects of nature, but also from the important 
functions it performs in the animal and vegetable creation. 

It is a transparent, inodorous, and colourless gas; 
the specific gravity of which is much greater than that 
of air. It is now allowed to be 1527, 100 cubic inches 
weighing 46.5 grains. It is unfit for the support of re- 
spiration; even Phebe mixed with a considerable quantity 
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of air, it can be breathed for a very short time. It also 
extinguishes combustion, as is shown by the immersion of 
a candle into a vase of it, and we can thus easily illustrate 
its great specific gravity. If the cover be removed from 
the mouth of a jar of it, and a candle immersed some mi- 
nutes afterwards, the flame is extinguished. Or by in- 
clining a jar of it on a candle, the gas will escape, and 
put out the flame. It may even be poured from one vessel 
to another, in the same way as a fluid; for if a jar of it 
be inclined over another full of air, the carbonic acid will 
flow into the latter; and that it has, may be shewn by the 
immersion of a lighted taper. 

When carbonic acid gas is subjected to great pressure, 
it lays aside its gaseous form, and becomes a transparent 
colourless fluid, which is easily distilled by a slight heat, 
but has not been congealed by the most intense cold 
to which it has been exposed. (Faraday, Ph. Tr. 
1823.) 

Exposed to a high temperature, it does not undergo 
any change. When electric sparks are passed through 
it, it is decomposed and enlarged, carbonic oxid is form- 
ed, and if the transmitting wires be easily united with 
oxigen, they are at the same time oxidated. 

Water absorbs it, though not in great quantity, taking 
up only about its own bulk ; the rapidity of the absorp- 
tion increasing by agitation, and the proportion imbibed 
becoming greater, according to the pressure. The 
absorption of the gas may be shewn by putting a cork 
into a bottle nearly full of it, and holding the mouth down, 
shaking it for some time, by which the water absorbs it, air 
entering through the pores of the cork to supply its place. 
In this way a saturated solution may be formed, which 
is transparent and colourless, has an acidulous taste, and 
sparkles when poured from one vessel to another. By 
exposure to air, by boiling, by keeping it under an ex- 
hausted receiver, and by freezing, the whole of the gas 
is expelled. The solution has acid properties. It red- 
dens vegetable blues, but the colour is not permanent, 
unless kept in well-corked vessels; and hence the pre- 
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sence of this acid, in its uncombined state, is easily dis« 
tinguished from others. Thus, if litmus infusion be 
added to carbonic acid water, it becomes red, but on ex-— 
posure to air, and more particularly by boiling, the ori- 
ginal colour returns, the acid having been expelled. 
Carbonic acid water is used as a grateful beverage, 
and as the quantity absorbed may be greatly increased 
by pressure, this is resorted to in preparing it. The 
apparatus in common use for procuring it on a small scale, © 
is that recommended by Nooru. S 
A is the vessel containing the 
mixture of chalk and diluted 
sulphuric acid, from which the 
carbonic acid is generated, be- 
ing introduced at the aperture 
B. C is the vessel filled with 
the fluid to be impregnated, 
having a valve in the tube at D, 
which allows the escape of the 
gas upwards, but prevents the 
water from falling into A. E 
is a third vessel with a long 
bent tube, F, fitted to the up- 
per aperture C. The use of 
this is-to receive the water forc- ys 
ed up by the pressure of the gas, for when any of it 
is not absorbed, it presses on the surface of the fluid, and 
forces it up through F’, so that that not imbibed by the 
water in C, will be taken up by the water in E. Gisa 
heavy stopper to prevent the escape of gas, but when the 
pressure of this becomes considerable in E, G is raised, 
so that there is no danger of bursting the apparatus from 
the increased elasticity. al 
The valve in D is extremely simple. It consists of an 
outer tube, A A, into which are inserted two others, B 
and C, leaving a space between them at D, where there is 
a small piece of glass, smooth below and rough above, 
so that, when the gas is generated, the glass is raised, and 
the rough being brought into contact with the smooth 
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end of B, there are passages left for it to flow through. 
When it ceases, the water presses it down, and as there 
are two smooth sides presented to each other, the fluid 
is thus prevented from falling through it. 

The quantity absorbed in this way is by no means 

reat, but by other contrivances, as by keeping the fluid 
under considerable pressure, it 1s much increased, so 
much so, as to make it effervesce powerfully when the 
pressure is removed. For this purpose, the fluid which 
is to absorb it is put into strong vessels, into which 
‘the gas, generated in another, is forced, by which a 
great deal of it is absorbed. From this, when fully 
saturated, it is drawn off into earthen-ware bottles, and 
instantly corked, the cork being secured by a wire. In 
drawing off the fluid, however, a great deal of the gas 
escapes, unless some means be taken to prevent it. This 
is done by having a conical cork which will fit the dif- 
ferent bottles to be filled. In it there are two aper- 
tures, A and B, the former for the admission 
of the stop-cock from the vessel, the other 
for the escape of the air from the bottle, and 
over which there is a cover, kept down by a 
spring, C. When the bottles are to be filled, 
the cork is placed on the stop-cock, and then 
put into the mouth of the bottle; as the 
water flows in, the air in the bottle is con- 
densed ; but when the pressure of this becomes consider- 
able, it raises the valve C, and escapes, so that, the fluid 
being always under pressure, there is little waste of the 
carbonic acid. : 

Carbonic acid is decomposed by carbon at a high tem- 
perature, the latter depriving it of part of its oxigen, and 
reducing it to carbonic oxid, while by the acquisition of 
oxigen, the carbon itself also becomes oxid, and hence a 
method of prcparing this elastic fluid. For this purpose, 
a mixture of chalk and diluted sulphuric acid is put 
into a retort, (Cut, p. 188.) so that the gas, when gene- 
rated, may flow through the tube previously filled with 
charcoal, and brought to a red heat. The gas which 
comes off, is a mixture of carbonic acid and oxid, a con- 
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siderable quantity of the acid having escaped decomposi- _ 
tion ; but it is easily removed, by having the trough filled 
with lime water, by which carbonate of lime is formed, 
and the oxid is left pure. : i al 
Carbonic acid exists in nature in its pure state. The 
air of the atmosphere always contains it, but the quan- 
tity varies at different times, and in different situations. 
It amounts sometimes to 1 per cent. while at others it is 
only 1 in 1000. It was at one time, ‘however, supposed 
that carbonic acid was not always an ingredient of thal 
atmosphere, particularly in the higher regions, but the 
experiments of Saussure, Humboldt, and others, have 4 
proved that this is not the case, the former having de- 
tected it on the summit of Mont Blanc, and the latter 
in air brought down from a great height by a balloon. 
That it exists in air, is proved by a very simple experi- 
ment. Carbonic acid has a powerful affinity for lime, 
easily uniting with it, and forming chalk or carbonate 
of lime; and hence, when shaken with lime-water, 
it instantly makes it turbid from the formation of car- 
bonate. By exposing, therefore, a plate with lime- 
water for a very short time, a thin film is formed on its 
surface, which, when broken, falls to the bottom, and an- 
other soon supplies its place. If the fluid be shaken in 
a bottle half full of it, it soon becomes milky, owing to_ 
the formation of a compound of the earth and acid. 
Carbonic acid is found in large quantity in pits, in 
which there is not a free ventilation, and in some ca- 
verns also it exists in great abundance, a remarkable 
instance of which is the Grotto del Cani near Naples, which - 
has received its name from a remarkable circumstance no- 
ticed by those who first examined it, that it proved fatal 
to dogs, whereas a man could breathe the air in it with per 
Aect safety ; and which is accounted for by the great spe- 
cific gravity of the gas, which, constantly flowing from 
chinks near the floor, remains below, and as the entrance 
to the cave is nearly on a level with the floor, it is not 
allowed to accumulate, but, on the contrary, rushes 
out like a stream of water. ale 
From the collection of carbonic acid in mines and pits, 
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fatal accidents have occurred from people visiting them, 
when» they had not been examined for some time, the air 
being so much loaded with this aeriform substance, as to 
prove fatal when breathed. Accidents of this nature 
are, however, owing to carelessness, for there is an easy 
method of knowing whether the air in them will prove 
injurious, which is merely to expose a burning body to 
it. It is remarkable, however, that some bodies are 
much sooner acted on than others; thus, a lamp with oil 
will burn in air in which a candle has been extinguished. 
In visiting pits and mines, then, in which there is rea- 
son to suspect the presence of carbonic acid, a candle 
or lamp ought to be carried by the individual; and 
so long as it burns, there is no danger; the mo- 
ment, however, that it is extinguished, all attempts to 
proceed farther ought to be abandoned, because the 
atmosphere, when breathed for a short time, will prove 
fatal. 

Carbonic acid gas is afforded in great abundance by 
the combustion of substances employed as fuel, as cecal, 
wood, and peat; and that this is the case is proved by 
holding a jar, open above and below, over a chauffer, 
and after keeping it there for some time, removing it on 
a plate, and putting a candle in at.the upper aperture, 
it will be instantly extinguished; or if lime-water be 
shaken with it, it will become turbid. 

As carbonic acid is given off so abundantly during 
combustion, we ought to be very cautious when using 
chauffers, or stoves, particularly in apartments in which 
there is not free ventilation, lest the product escaping 
into the room, and mixing with the air, prove injurious 
to those who respire it ; which is to be attended to chiefly 
in bed-rooms, as the gas, when breathed, does not give a 
person warning of his danger, but, on the contrary, gra- 
dually lulls sais into a state of insensibility, from mbigh 
it is difficult to rouse him. , 

Carbonic acid is also a product of respiration. If a 
jar be filled with air from the lungs, and which is easily 
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done by mounting it on a water trough, and inserting: 

into it a bent tisbe; through which the expired air can 

be blown, a lighted taper, when introduced, is extinguish- 
ed; and that this is owing to the presence of carbonic 

acid, is shewn by shaking the gas with lime water, or, 

which is still more easily done, by blowing by means of 

a tube through the water, by which it becomes turbid ; - 
but care must be taken in this last instance not to blow 
too long, because the turbidity will disappear from the 

solution of the substance, owing to the excess of carbonic” 
acid. (See Blood. ) 

Carbonic acid gas is not put to-any use. In solution 
in water it is employed as a grateful beverage, in which 
state it is also given for allaying sickness, and stopping 
vomiting. It is, however, most powerful when adminis- 
tered just as it is set free from some of its compounds, 
as the alkaline carbonates by the action of another acid. 
(See Citric acid.) 


Puosruoric ACID. 


Phosphoric acid is found in different states, according 
to the mode followed in preparing it. When obtained 
by the rapid combustion of phosphorus, a white flaky 
matter is formed, which, on exposure to air, acquires’ 
moisture, and becomes fluid. ‘This is easily collected by 
setting fire to a piece of phosphorus, and whelming a 
bell jar over it, the flakes are deposited on the plate and 
sides of the jar; and that this has acid properties, is’ 
shewn, by putting it into vegetable blue, which becomes’ 
red. 

When liquid phosphoric acid is exposed to heat, it 
boils, and the watery part is expelled, and after continu- 
ing the ebullition, a dry opake mass is left, which, by 
increasing the temperature, may be fused, and on cooling” 
assumes a Vitreous appearance, and hence its name, 
glass of phosphorus ; at one time supposed to be the acid 
ina state of purity, but now known to contain water, 
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and from which it cannot be freed by the application of 
heat. 

That phosphoric acid is a compound of phosphorus 
and oxigen, is proved by setting fire to a piece of phos- 
phorus, and instantly whelming over it the bladdered 
apparatus, (Cut,_p. 176.) confining the air below by 
vegetable infusion. As the inflammable is consumed, the 
water rises to supply the place of the oxigen, and at the 
same time the colour of the infusion becomes red. On 
examining it, it is found to contain phosphoric acid. } 

Lavoisier, from his experiments made with the view 
of ascertaining the proportion of its ingredients, and 
which was done by burning phosphorus, found, that 100 
united with 154 of oxigen, while Rose made it 114, and 
Davy 135. The discordance in these results, may 
have arisen from inaccuracies in the method followed, 
probably from the whole of the phosphorus not being 
consumed. By a more accurate mode of analysis, as by 
the decomposition of its salts, we have arrived at what 
seems to be the proportion of its ingredients. Accord- 
ing to Thomson they are, (First Pr. p. 201.) 

phosphorus, 100 or 42.86 
oxigen, 133.3 or 57.14 
and as 42.86 : 57.14:: 15: 20 
so that it is composed of 


1 atom of phosphorus, 15 
1 atom of oxigen, - 20 
and its atomic weight. is 35 


Phosphoric acid easily unites with water. When in 
the state of white flakes, it combines with it with a hiss- 
ing noise, but with very little elevation of temperature. 
When the acid is fused, it also unites with it, but much 
more slowly. When in this state, it also attracts mois- 
ture from the air. vi 

None of the simple inflammables already described 
have any action with it, excepting charcoal, by which, 
when exposed to heat, it is decomposed, the oxigen and 


302 OXI-ACIDS. 


carbon uniting to form carbonic acid gas, while the 
phosphorus, the other ingredient, is liberated, and comes 
off in vapour, and hence the method always practised in 
preparing it. For this purpose, the glacial phosphoric 
acid, after being reduced to powder, is mixed with half 
its weight of charcoal, and put into a long-necked earthen 
retort. Having placed it in a sand-bath, and made the 
mouth to terminate in water, heat is to be applied, by 
which the gaseous products are given off, composed of 
carbonic acid mixed with phosphuretted hydrogen ; and 
at the same time the phosphorus rising in vapour is con- 
densed in the cold water, so that the process must be 
continued as long as there is any phosphorus coming aa 
great care must, however, be taken to keep the mouth of 
the retort all the time under water, and to prevent the 
neck becoming stopped from the consolidation of the 
phosphorus, and which is known by the diminution of 
the bubbles of gas; a hot wire must be occasionally in- 
troduced to melt it, the mouth being still kept under the 
fluid. As earthen retorts are extremely porous, unless 
glazed, it is necessary to immerse them into a thin paste 
made of a mixture of borax and lime, which is fused by 
the heat, and forms a dense coating, that prevents the 
exudation of the phosphorus. 
The phosphorus obtained in this way isnot pure. It 
is dark coloured and opake, owing apparently to its con-— 
taining a little carbon, but from which it is easily freed, 
by squeezing it through leather, keeping it under warm 
water, which will melt it, and at the same time prevent 
its combustion. ; 
‘This decomposition is an analytic proof of the compo- 
sition of the acid, that it contains. phosphorus and oxi- 
gen, the latter of which has combined with the carbon. _ 
Phosphoric acid may be obtained, as has been already — 
mentioned, by the rapid combustion of phosphorus. It 
may also be procured by boiling diluted nitric acid on it, 
by which the phosphorus gradually acquires oxigen, be- 
coming phosphoric acid, while nitric oxid is at the same 
time disengaged ; and after the whole of the phosphorus 
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has disappeared, the fluid must be boiled, till it ceases 
to give off acid vapour, and which is known by that 
coming off not reddening litmus paper. 

_ Another method of preparing phosphoric acid, is by 
the decomposition of burnt bones, which contain it in 
union with lime. (See Phosphate of Lime.) 


PuosrHorous AcIp. 


Phosphorus unites with a smaller proportion of oxigen, 
and forms phosphorous acid, which it was at one time sup- 
posed was generated when it was burned slowly in air. 
The product of the action is not, however, pure phos- 
phorous acid, but a mixture of it and phosphoric acid. 

Sir H. Davy has given a method by which phospho- 
rous acid, of uniform composition, may be formed. A 
quantity of phosphorus is put into a tube, so as to occu- 
py a few inches at the lower end of it, and over this is 
placed some corrosive sublimate in powder, which is a 
compound of mercury and chlorine. Heat is then ap- 
plied, so as to melt the phosphorus, and drive it in va- 
pour over the other, by which the chlorine and it unite, 
and form a chlorid; and if the opposite end of the tube 

be kept in water, the moment that the chlorid comes in 
contact with it, there is a double decomposition, the hy- 
drogen and the chlorine uniting to form muriatic acid, 
and the phosphorus and oxigen, phosphorous acid. 
From this the former can be expelled by heat, and the 
latter is thus obtained pure. When evaporated to dry- 
ness, a soft crystalline mass is left, having a sour taste, 
and reddening vegetable blues. 

When heated, excluded from air, a gaseous fluid is 
given off, which is hydro-phosphorie gas, and phosphoric 
acid remains in the apparatus. These are formed by 
the decomposition of the water existing in the acid, the 
oxigen having united with part of the phosphorous acid, 
to form the latter, and the hydrogen with some of the 
phosphorus, to produce the former, and hence the me- 


thod generally followed in procuring it, (p. 244.) 
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According to Gay Lussac and Berzelius, phosphorous 
acid is composed of 100 phosphorus, and about 76 oxi-+ 
gen, whereas, according to Davy, the ingredients are 100 
to 67.5. This last seems to be the more correct, not only 
because it nearly agrees with the result of the experi- 
ments of Thomson, but also because it would make the 
oxigen to be one half of that in phosphoric acid, and 
consequently in accordance with the atomic doctrine. © 
Phosphoric acid, it has been stated, is composed of 100 
phosphorus, and 133.3 oxigen, so that, if we suppose the 
oxigen in the phosphorous to be the half, the proportio - 
will be . 


phosphorus, 100 | 3 
oxigen, 66.6 : 

and as 100: 66.6:: 15: 10 

so that it contains | 

| 1 atom of phosphorus, 15 

--1 atom of oxigen, 10 
and its atomic weight is = 20 * 
The two acid compounds already described, are those, 
_ the composition of which has been ascertained ; others 
have, however, been supposed to exist. Thus, Dulong 
conceived that that generated by the slow combustion of 
phosphorus, was a peculiar acid, to which he gave the 
name of phosphatic, (An. de Chim. et de Ph. ii. 141.) 
but the existence of this has by others been called in. 
question ; indeed, from the experiments of Davy, it 
seems proved, that the product is a mixture of phospho- 
ric and phosphorous acids, always in the same propor- 
tion. . 
There is still, however, according to some, another 
acid, to which they have given the name of hypo-phos- 
phorous, but even this has not yet been proved to bea 
distinct acid, having phosphorus and oxigen as its ingre- 
dients, so that we are to consider phosphoric and phos- 
phorous as the only established compounds of these sub- 
stances. : 
The acids of phosphorus are not put to any use, €%= 


/%; 
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cept for making them yield phosphorus, as already de- 
scribed. 


Boracic Acip. 


Boracic acid is obtained in the form of white shining 
seales, having a greasy feel like that of spermaceti. 
They have a sour taste, but are destitute of smell. Their 
Specific gravity is 1479. When exposed to heat, they 
at first swell, owing to the water of crystallization, and 
then fuse, becoming a transparent vitreous-looking body, 
but which on cooling is opake. If the heat be continued, 
there is no evaporation, unless a little water is present ; 
and hence it is, that when the temperature is suddenly 
raised, some of the acid is carried off with the watery va- 
pour. ‘The fused mass is the acid free from water. 

Boracic acid is soluble in water, but very sparingly so, 
according to Davy, requiring about 50 parts at a boil- 
ing heat. The solution is transparent and colourless, 
and reddens vegetable blues. 

It is also soluble in alcohol, which, when it has dissolv- 
ed it, burns with a green flame. 

Boracic acid is not acted on by any of the simple 
bodies or acids already described. 

Fill the year 1807, the composition of boracic acid was 
not known. Like other acids, it was supposed to con- 
tain a base in union with oxigen, but this was mere con- 
jecture, till Davy succeeded in decomposing it, and prov- 
ed it to be a compound of oxigen and boron, which he 
did by subjecting it to galvanism, and also by exposing 
it to a strong heat along with a substance, (Potassium, ) 
which has a powerful attraction for oxigen. Gay Lussac 
and 'Thenard have arrived also at the same conclusion. 
The composition of the acid has not yet been accurately 
ascertained. Davy supposes it to contain about 2-3ds, 
while the French chemists say that it has only 1-3d of 
its weight of oxigen. Thomson, from reasoning founded 
on the atomic doctrine, considers its composition to be 
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boron, ~ 10 loo nh ae 

oxigen, 20 ‘hae 

issih | oy. 

its atomic weight being 30 | 

But he admits that the experiments by which this has been 
ascertained, are by no means satisfactory. ee 
. Boracic acid is found native, though sparingly so, in 
some springs in Tuscany, and it enters into the composi« 
tion of minerals ; but the substance in which it is present. 
ed in greatest abundance, is boraw or tincal of commerce, 
brought from Thibet, and from which it is always pro- 
cured, for as it is a compound of the acid and the alkali 
soda, all that is necessary is to decompose it by a stron : 

er acid. (See Borax.) ‘th 


The acid is not put to any particular use. 


a 
+ 
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ArsEnous ACID. 


Ir has been already mentioned, (p. 24,7.) that when ar- 
senic is heated in air, it is inflamed, and a white matter 
is formed, which has been long used under the name of 
arsenic. It is now known to be an acid, and has bem 
called arsenous acid. Though it can be procured by the 
direct union of its ingredients, it is never prepared in 
this way for use, being formed in those processes in 
which the native sulphurets are exposed to heat. In the 
preparation, also, of some of the metals from their ores, 
the arsenic they contain is given off in the form of -arse- 
nous acid. , 

It is commonly purchased in white cakes, under the 
name of arsenic or white arsenic, and frequently also in 
powder. It has an acrid taste, and is one of the most 
virulent poisons with which we are acquainted. ob 

Arsenous acid is not so volatile as arsenic, though its 
vaporific point is not much higher, being only 383. 

Different statements have been given of the action 0 
water on the acid. According to Klaproth, 1000 a" 
natural temperature take up only about 21, but whe! 
boiling, about 77. Fischer, on the contrary, asserts tha 


: 


ARSENOUS ACID. 307 


arsenous acid is insoluble, but when put into water, one 
part of it takes oxigen from the other, to form arsenic 
acid, which is soluble. The solution is transparent and 
colourless, and reddens vegetable blues. 

The results of the experiments performed, with the 
view of finding its composition, vary considerably. They 
are, according to 


Proust. Berzelius. Thomson. 
Ar, 100 100 100 
Ox. 32.9 31.8 42,1 


Supposing the last to be correct, 
| as 100 : 42.1 :: 47.5 : 20 
so that, according to this, it is composed of 


1 atom of arsenic, A'T.5 
2 atoms of oxigen, 20. 
and its atomic weight is 67.5 


When arsenous acid is exposed to heat with charcoal, 
there is a decomposition, carbonic acid gas is disengaged, 
and arsenic is sublimed, and hence the method of pro- 
curing it. All that is necessary, is to introduce the mix- 
ture of acid and charcoal into a retort, having a receiver 
adapted to it, and apply heat ; the vapour comes off, and 
is condensed in the receiver. As, however, the acid is 
very volatile, it is better to mix a little of the alkali po- 
tassa with the ingredients, by which it is prevented from 
escaping in vapour, before the temperature reaches that 
necessary for its decomposition. Instead of charcoal and 
potass, the substance called black flux is used, and which 
is prepared by burning cream of tartar. It is a com- 
pound of potassa with carbonic acid mixed with char- 
coal. (See Supertartrate of Potash.) 


ARSENIC ACID. 


Arsenic acid may be prepared. by digesting arsenous 
acid In nitric acid, but a better method is to employ a 
mixture of nitric and muriatic. For this purpose three , 

ey uz | 
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ounces of arsenous acid are boiled with seven of 
muriatic acid, till the whole is dissolved, after which 
five of nitric acid are added, and the heat continued, till 
a white saline mass is obtained, which is the pure acid. 
In the first part of this process, it is supposed that the - 
muriatic merely dissolves the arsenous acid, and thus 
renders it more easily acted on by the nitric, which com- 
municates oxigen to it, and converts it into arsenic acid, 
nitric oxid being evolved. * 
Arsenic acid is soluble in water, forming a transparent 
colourless solution, which reddens vegetable blues. It 18. 
not volatilized by heat, in this respect differing from the 
other ; but if the temperature is very high, it is decom- 
posed, part of the oxigen is expelled, and arsenous acid. 
is formed. 
Arsenic acid, according to Thomson, is composed of 
arsenic, 100. 
oxigen, 63.1 
and as 100: 63.1: : 47.5: 30, ; 
so that it contains . 


1 atom of arsenic, ANT.5 
3 atoms of oxigen, 30. 
and its atomic weight will be 7.5; 


If the statement now given of the composition of the 
compounds of arsenic is correct, there must be another 
with a smaller quantity of oxigen, so as to make that in 
arsenic acid, a multiple proportion. This has not, how- 
ever, yet been discovered. 3 


Sutpuuric ACID. 


It has not been ascertained at what time this acid 
was discovered. It is mentioned by Basil Valentine, who 
wrote in the beginning of the 15th century, but it was 
probably known before that. It was formerly obtained 
by the decomposition of a salt, containing it in union 
with iron, called green vitriol, and hence its name in 
commerce, oil of vitriol, being of an oily consistence. 
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This method is not now practised here.—It is usually 
obtained by the combustion of sulphur mixed with nitre. 
(See Nitre.) 
~ Sulphuric acid, as usually obtained, is a transparent 
colourless fluid, of an oily consistence, having a very sour 
taste, highly corrosive, and reddening vegetable blues. 
When as pure as usually prepared, it is of specific gra- 
vity 1847, but even in this state it contains a consider- 
able quantity of water, and from which it cannot be freed 
by heat: According to Dalton and others, it has at least 
19 per cent. 

And as 19: 81: : 11.25: 49. 
Now it will be shewn immediately that 50 is the atomic 
weight of the acid, so that we may consider oil of vitriol 
as composed of 


1 atom of acid, 11.25 
1 atom of water, 50. 

And if so, its composition by weight must be, 
sulphuric acid, 81.67 
water, “ 2 18.36 


When of greater sp. gr. than 1847, it is not pure, 
being contaminated with a little lead, derived from 
its action on the walls of the chamber in which it is 
prepared. 

By the abstraction of caloric it freezes; but the con- 
gealing point varies according to its strength. When 
strong, it becomes solid at about —15, and puts ona crys- 
talline appearance, at the same time suffering a slight di- 
minution in volume. 

By the application of heat it is made to boil, but the 
point of ebullition depends also on its strength. When 
concentrated, it boils, according to Dalton, at 620, and 
then passes off in vapour, which is very offensive, and 
hence the necessity of being cautious in the performance of 
the experiment. It ought to be done ina well-ventilated 
room, to allow the vapour to escape, and the heat should 
be applied gradually, so as to get the whole of the fluid 
properly warmed, otherwise, if vapour is formed before 
this is done, it is condensed as it rises through the super- 
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incumbent fluid, and the agitation produced is apt to 
break the vessel. + ol 
As sulphuric acid can thus be driven off in vapour, it 
affords an easy means of purifying it, when we wish it 
for delicate experiments. All that is necessary, is to 
place it in a large retort, so that it does not occupy much © 
of the bulb, and apply heat cautiously. When the acid 
begins to boil, the temperature must be so regulated, as” 
to continue the ebullition slowly, and by adapting a Tes 
ceiver kept cool by ice, the vapour will be condensed; but — 
as the first part that comes off is weak, it must be reject- 
ed, so that when about 1-6th has passed over, the re- 
ceiver may be changed, and the distillation continued. 
till a sufficient quantity is obtained. in ae 
Sulphuric acid has a strong attraction for water. If 
exposed to the air, or to any gas loaded with moisture, 
it unites with the vapour, and increases in weight, so 
much so as actually to gain 1-3d in the course of 24 hours, 
The union of the acid and water is attended with re- 
markable phenomena. ‘There is a considerable condensa- 
tion, and consequent rise of temperature, the amount of 
which depends on the proportions employed ; and that 
there is so, may be shewn, by using a long tube as a mea- 
sure, First fill it with acid, and having emptied it into a 
glass, fill it with water, and pour this on the other; but 
before doing so, wrap some tow with a chip of phospho- 
rus around the glass. The moment that the fluids are’ 
mixed, the phosphorus is inflamed, | shewing the evolu- 
tion of heat ; and after allowing the mixture to cool, again 
measure it, and it will be found that there is considerably 
less than 2 volumes. Gadolin found, that 2 of acid and 1 
of water had their temperature raised about 200; equal 
parts produced an elevation of 175, and 2 of water and 
1 of acid, only 108.. The greatest rise is occasioned by 
using them, according to Ure, in the proportion by weight 
of '73 of acid to 27 of. water. | Me: 
If the acid employed in this experiment is pure, the 
mixture continues transparent, but if that of commerce 
be used it becomes opake, owing to the deposition of the 
compound of lead, which it always contains. This af- 
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fords another mode of purifying the acid, for after mix- 
ing it with water, the metallic compound may be allowed 
to fall to the bottom, and the clear fluid may be drawn 
off. If required concentrated, all that 1s necessary is to 
boil it, till it becomes of the requisite density. 
- For the proportion of real acid in acids of different 
specific gravity, see Appendia. 
- When the acid is poured on ice, there is a change of 
temperature, but it differs according to the proportions. 
If little acid be employed, there is a generation of cold, 
whereas, when the ice is in smallest quantity, heat is dis- 
engaged, (see p. 101.) | 
The abstraction of caloric from diluted acid is attend- 
ed with peculiar phenomena. Mr M‘Nab found (Ph. Tr. 
Ixxxi.) that the concentrated acid was frozen at —15, 
while that diluted with rather more than half its weight 
of water, did not congeal till it reached —36. On the 
contrary, however, when mixed with about 1-4th, or so 
as to make the specific gravity 1780, and in which state 
it contains exactly 1 atom of acid and 2 of water, it is 
frozen by plunging it into snow ; and having got it solid, 
it continues in that state though the temperature is raised 
to 45. If more or less water is used, the heat necessary 
for the congelation becomes lower. 
When the acid is mixed with snow, till there is no 
farther evolution of calorie, and is then reduced to —60, 
and in this state added to snow at the same temperature, 
the mixture sinks to —91, the greatest cold yet accu- 
rately measured, (see p. 99.) 
By the application of heat to diluted acid, the water 
is driven off ; it is thus got of sp. gr. 1847, still con- 
taining, as already mentioned, nearly 19 per cent. It 
is from this circumstance, the impossibility of freeing the 
acid entirely of its water, that it has been proposed to 
call the common acid, or oil of vitriol, hydro-sulphuric, 
a term, however, not altogether correct, as hydro is 
attached to the names of those acids containing hydro-- 
gen. It ought to be hydrated or hydrous sulphuric acid, 
the terms given to those bodies containing water. 
Though sulphuric acid cannot be freed of its water by 
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the application of heat, or indeed by any other means, 
anhydrous acid may be obtained by the distillation of 
green vitriol, which is a compound of it and oxid of 
iron. For this purpose, after being deprived of its 
water of crystallization, it is put into a retort, to 
which a receiver is adapted, and kept cold. On apply-_ 
ing a strong heat, the acid is expelled, and is condensed — 
in the receiver, and by a second distillation, part 1s dis- 
tilled over, and is obtained in a crystalline form, ig 
which state it is entirely free from water. ; 

When the anhydrous acid thus prepared is exposed to 
the air, part flies off in vapour, and the remainder becomes — 
liquid, from its attracting moisture. It is liquefied at 
66, but to preserve it fluid it must be kept at 77, other-— 
wise small tufts of crystals are formed. It chars vege- 
table matter the instant it touches it. When thrown into 
water it combines with it rapidly, emitting a ca 
noise as when.a hot iron is plunged in it. 

Sulphuric acid, though considered by Stahl a cull 
substance, is now known to be a compound of sulphur 
and oxigen; and that it is so, is proved synthetically by 
burning sulphur in the bladdered apparatus with oxigen, 
over cabbage infusion, which, as it rises to supply the 
vacuum, is reddened, showing the production of acid ; and 
that this is sulphuric is proved by submitting it to - 
mical tests, by which this acid is detected, 

It is difficult to ascertain the proportion of the im- 
gredients by the combusticn, owing to the generation of — 
another compound of sulphur and oxigen ; and different 
statements have been given of its composition. ‘The in- 
gredients are, according to 


Lavoisier. © Berthollet. Thenard. : 

sulphur, _ 69 61.5 55.6 a 
oxigen, — - 31 38.5 M44 

100 ~—«-100 100 | 


The discordance in the results of these experiments. 
was caused by the inaccuracy of the methods employed, 
the compounds of sulphuric acid formed having been de-) 
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composed by means of a substance, the composition of 
which was not accurately known; but since the pro- 
portions of the ingredients of this have been discovered, 
those of sulphuric acid have also been ascertained. ‘They 
have been found to be very nearly 40 to 60, and if we 
make allowance for inaccuracies in experiment, we may 
consider this as its composition. 

And as 40: 60:: 20: 30; 
so that we may consider it a compound of 


1 atom of sulphur, ‘ = 2 20 
3 atoms of oxigen, 3 ni ~~ BO 
and its atomic weight is = - 50 


This is, of course, the composition of the real acid, or 
that which enters into union with bases and forms salts. 
It has been already mentioned, that the acid of com- 
merce, and which is of specific gravity 1847, is a com- 
pound of 1 atom real acid, and one atom water. Hence 
its atomic weight will be 61.25, (50 + 11.25 = 61.25.) 
Sulphuric acid is decomposed by many of the simple 
bodies already described, as by phosphorus, carbon, and 
sulphur, the whole of them taking oxigen from it, and 
reducing it to a lower state of oxidation, by which sul- 
phurous acid is formed, a compound with a smaller 
proportion of oxigen. When any piece of vegetable 
matter, and which contains carbon, as wood, straw, cork, 
or sugar, is thrown into the acid, it gradually, even 
at a natural heat, acquires a dark tinge, owing to 
the solution of a part of the casbon. Hence the cause of 
the dark colour of the acid frequently met with in com- 
merce, some vegetable matter having accidentally fallen 
into it. From this, however, it may be freed merely by 
boiling, by which the carbon acquires oxigen, and is dis- 
sipated in the form of carbonic acid, while at the same 
time, a little sulphurous acid, another compound of sul- 
phur and oxigen, but with less of the latter, is also 
evolved. | 
_ When sulphur is boiled in sulphuric acid there is a 
similar decomposition, it unites with part of its oxigen 
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to form sulphurous acid, while the other, by being a 
prived of this, is also brought down to the same state. 

Sulphuric acid is occasionally found pure. In some 
volcanic countries it issues in vapour from chinks in the 
ground, and being absorbed by the adjacent waters, 
gives the appearance of lakes of it. In its combined — 
state, it is a very abundant production, united chiefly to 
the earths and metals. f 

There is, perhaps, no substance more useful, or more 
abundantly employed in the arts and manufactures. It 
is used in medicine, when largely diluted, as a refrige- | 
rant, and is very efficacious in stopping profuse perspi- 
ration. It is used in pharmacy in the preparation of 
many medicines. It is employed by bleachers for sour- : 
ing the cloth; by dyers, for dissolving their indigo ; 
by calico printers, for forming the sowrs in which they 
soak the cloth, previously to its immersion in the dye- 
stuff; by brass-founders, button-makers, gilders, and 
japanners, for cleaning the surface of the metals with 
which they work ; and by hatters, tanners, paper-makers, 
and many others. It is used also in the prepaneHorig of 
nitrous and muriatic acid. 


SuLtpHurous AcIp. 


It has been already mentioned, that when sulphur 
and sulphuric acid are boiled together, sulphurous acid 
is formed. Though it can be procured in this way, yet 
the method is seldom followed, because, owing to the 
high temperature necessary for the decomposition, a 
good deal of the sulphuric acid comes off in vapour, and 
contaminates the other. An easier mode of preparing it, 
is to deprive the acid of its oxigen by means of a metal, 
as mercury. For this purpose, having put about 1-8th 
part of an ounce by weight of mercury into a retort, 
pour on it an ounce of oil of vitriol, and apply heat 
so as just to keep up the disengagement of gas. The 
sulphurous acid comes off, and must be collected over 
mercury, because it is easily acted on by water. In this 
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instance, the mercury taking a part of the oxigen from 
the sulphuric acid, reduces it to the state of sulphurous 
acid, while the oxid of mercury formed is left in union 
with the remainder of the acid not decomposed. This 
acid gas may also be prepared by heating some of the 
metallic oxids, as red oxid of mercury, or oxid of man- 
ganese, with sulphur, (see these.) 

As the use of a mercurial trough is both inconvenient 
and expensive, there is an easy mode of preparing gases 
without having recourse to any trough, merely by the 
displacement of the air of the vessels in which they are 
to be collected, provided they are not very noxious. 
For this purpose the retort, A, containing the mixture, has 
a bent tube, B, adapted to it, with a bulb at C, to collect 
any moisture that 
may be condensed, 
The tube passed 
through a cork which 
fits the mouth of the 
bottle D, is made to 
terminate near the 
bottom. If the gas 
is heavier than air, 
the mouth of the 
bottle must be kept up, as represented in the cut, so that, 
as it escapes at the bottom, it may gradually push 
out the lighter air above it. If lighter, the apparatus must 
be adjusted as in the lower figure, with the mouth of the 
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bottle below, so that it may force down the heavier 
air. In this way, by carrying on the process for some 
time, though a good deal of the gas escapes, yet the re. 
ceivers may be very nearly filled with it, and it is suffie 
ciently pure for many purposes, as for merely shewing — 
the general properties. 

Sulphurous acid is a transparent colourless gas, poss 
sessing the usual mechanical properties of aeriform fluids. 
It has an acid taste and an offensive odour, being ex 
tremely irritating to the nostrils and lungs. It is unfit 
for the support of respiration and combustion. Its spe+ 
cific gravity, as given by different authors, is, according 
to Lavoisier, 2010; Dalton, 2300; Thomson, 2222; 
which last is considered the most correct, 

By strong pressure it has been condensed into a transs 
parent colourless fluid, as limpid as water, and which, 
though cooled to 0, does not freeze ; but on exposure to 
air part of it flies off in the form of gas, and by the eva 
poration reduces the temperature of the remainder so 
much as to keep it liquid. When a small piece of ice 
is thrown into it, it instantly makes it boil, owing to the 
rapid action, and consequent disengagement of heat. 
Sulphurous acid gas may also be made to lay aside its 
gaseous form, by exposing it at the same time to cold, 
and to substances that will deprive it of any foreign 
moisture. Thus, if when generated from any of the 
mixtures mentioned, the bulb, C, of the apparatus repre- 
sented in last page, be filled with the substance called 
muriate of lime, which has a powerful attraction for wa- 
ter, and the bottle, D, be surrounded by a mixture of 
ice and salt, a transparent colourless liquid is obtained, 
and which is anhydrous sulphurous acid. 

When the acid thus prepared is exposed to the air, un- 
der the usual pressure, it flies off in the form of gas, ge- 
nerating a great degree of cold. If, for instance, it is 
poured on water, it evaporates and reduces its tempera- 
ture, so as actually to make it freeze. Or if the bulb of 
a mercurial thermometer covered with muslin be immers- 
ed in it, and then whirled in the air, the mercury itself 
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is frozen. yen some of the gases may be condensed 
with it, merely by surrounding the tube containing them 
with cotton, the cold produced by the evaporation being 
sufficient to cause them to become fluid. 

Water absorbs sulphurous acid gas. If a little be in- 
troduced into a jar of it standing over mercury, there is 
an absorption, the mercury with the water on its surface 
rising and filling the jar. Or if the mouth of the retort 
from which the gas is issuing, be placed in water, there 
is no escape of it, the whole being instantly absorb- 
ed, so that in this way a saturated solution can be pre- 
pared. According to Dalton, water takes up 22, accord- 
ing to Thomson 33, and according to Saussure 43 times 
its volume of the gas. The solution is transparent and. 
colourless, of specific gravity 1050. When exposed to 
cold, so as to freeze it, the gas is not liberated. On ex- 
posure to air, it is gradually converted to sulphuric acid, 
owing to the absorption of oxigen. 

Though the gas is thus easily absorbed by water, it is 
remarkable that the fluid has not the distinguishing cha- 
racter of an acid, that of reddening vegetable blues; on 
the contrary, it banishes them, as when it is added to 
eabbage infusion. ‘The colour is not, however, destroyed, 
for if any other acid be added, as sulphuric acid, it is re- 
called, and then becomes red. 

The action between sulphurous and nitrous acid gases 
is important, provided water is present. When mixed 
in a jar over mercury, and quite dry, there is no action, 
but the moment a little water is admitted, the colour of 
the nitrous acid disappears, the sulphurous acid acquires 
oxigen from it, and sulphuric acid and nitric oxid are gene- 
rated, the former of which is absorbed by the fluid, while 
the latter remains gaseous; (nitrous acid for this experi- 
ment is easily prepared by putting nitric oxid and ox1- 
gen into the jar.) On the introduction of air or oxigen, 
more nitrous acid may be produced, and which, on the 
admission of more sulphurous acid, will give off oxigen to 
it, to convert it into sulphuric acid; so that by a small 
quantity of nitric oxid, any quantity of sulphurous may 
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be converted to sulphuric acid, provided air and water 
are also present. It is in this way it is supposed to act 
during the preparation of oil of vitriol. (Sce Nitre.) . 

Sulphurous acid gas is decomposed by exposing it to 
substances having a powerful attraction for oxigen, as” 
when it is passed through an incandescent tube with hy-— 
drogen, or over red-hot charcoal, the hydrogen or carbon 
forming water, or carbonic acid, and causing a deposi- 
tion of sulphur. When iodine is put into its solution, — 
the water is decomposed, and sulphuric acid, and a com- 
pound of iodine and hydrogen, are formed. 

All of these experiments prove, that it is composed of 
sulphur and oxigen, and the statements of different che- 
mists very nearly agree with respect to their proportions. — 
They are, according to 


Berzelius. Gay Lussac. Thomson. . 
Sulphur, 50.03 51.3 58 
Oxigen, 49.97 48.7 AT 
100 100 100 


The slight discordance in these results is owing to the 
formation of a little sulphuric acid during the experi- 
ments, which were conducted by burning the sulphur in 
oxigen. 

Davy and Gay Lussac assert, that when oxigen unites 
with sulphur to form the acid gas, there is no change 
in volume. If so, we have an easy method of determin- 
ing the proportions, we have merely to deduct the sp. 
gr. of oxigen from that of the gas, and the remainder 
is the weight of the sulphur. 

2222 — 1111 = 1111. 
So that they are in equal weights, and with which Berze- 
lius’s statement very nearly agrees; consequently, 20 being 
the atom of sulphur, and 10 that of oxigen, sulphurous. 
acid must contain | 
1 atom of sulphur, — 20 
2 atoms of oxigen, 20 


and its atomic weight will be 40. 
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Sulphurous acid gas is absorbed by sulphuric acid, 
and gives it a brownish tinge, but from which it can be 
freed by boiling. The fluid emits fumes on exposure to 
air, and is congealed by a slight reduction of tempera- 
ture. 

The only use to which sulphurous acid is applied, 
is in bleaching, particularly worsted stuffs and straw. 
For this purpose the goods, after being wetted, are 
hung up in rooms or boxes, in which the sulphur is 
burned in small dishes; the fumes are absorbed by the 
moisture, and act on the colouring matter, gradually de- 
stroying it. The action of the fumes of sulphur is beau- 
tifully illustrated, by suspending a rose in the upper part 
of a glass jar, open at each end, and placing it over a dish 
with burning sulphur, leaving an opening below, for the 
admission of air. After being left in for some time, the co- 
lour gradually disappears. ‘The same may be done also 
with many other flowers, or with a leaf of red cabbage. 
Though the colour is thus banished, it is not destroyed ; 
it may be recalled by the action of a stronger acid. If 
the rose be placed into much diluted sulphuric acid, it 
gradually becomes red again; and it is also remarkable 
that the vitality of the flower is not injured ; so that 
the blanching may be done only on one or a few of those 
on a plant, which afterwards continues quite healthy. 


Hyrvo-SutpHvurovus AND Hypo-SutPpuuric AcID. 


Two other acids of sulphur and oxigen have been 
described, the one by Herschell, the other by Gay Lus- 
sac and Welter. 

When sulphur is boiled with alkaline solutions, com- 
pounds are formed, which contain the alkali in union 
with an acid composed of sulphur and hydrogen, the 
latter derived from the decomposition of the water. 

When these are exposed to air oxigen is absorbed, which 
uniting with the sulphur, converts it into another acid, 
now called hypo-sulphurous, (See Sulphuretted Hydro- 
Sulphuret of Potass.) This acid has not, however, 
been procured in its separate state, but from the expe- 
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riments of Mr Herschell, (Ed. Ph. Journ. i. 8,) there | 


is every reason to believe, not only that it is a distinct 
acid, but also that its composition is | | 
sulphur, 100 | 


oxigen, 50 | 
If so, it contains 
| 1 atom of sulphur, Zits 
1 atom of oxigen, 10: 


and its atomic weight will be 30 
Hence also the origin of the name hypo-sulphurous, 
being an acid with less oxigen than exists in se, 
(vr, under.) : 
The other acid, which has been called iespossteendil : 
is, according to Gay Lussac, (An. de Chim. et de Phys: 
x.) a compound of 
sulphur, 100 
oxigen, 125 
It is doubtful, however, if this is really a distinct asl 
more particularly as in its composition it does: not ac. 
cord with the atomic doctrine, 125 not being a multiple — 
of 50, which is the oxigen in that with the smallest pro-_ 
portion. Others, who allow the existence of an acid in, 
these proportions, are inclined to consider it as composed 
of an atom of sulphurous and an atom of sulphuric acid, 
together, making a compound acid ; if so, its composition 


will be 


wide abc oS itis. 


cote, 


Sulph. Ox. 
1 atom sulphurous acid = 20 20 
1 atom sulphuric acid = 20 30 
And the compound atom will contain 40 50 
And as 40: 50:: 100 : 125, 
the proportions yielded by its analysis. 


Curoric Acip. 


Tuts is the acid that exists in the salt which, it has 
been already mentioned, is employed in the preparation 
of the two oxids of chlorine, and which has been long 


CHLORIC ACID. 821 


known by the name of the hyper-ovimuriate of potass. 
Many attempts had been made to procure the acid in its 
separate state, but without success, till Gay Lussac, in 
1814, (An. de. Chim. xci.) pointed out a method of doing 
so, from a salt containing it in union with the earth ba- 
ryta. For this purpose, to a solution of the chlorate of 
baryta, (see the Chlorate,) add sulphuric acid as long as 
there is any precipitation, by which the baryta is preci- 
pitated with it, and the chloric acid is left in solution, 
and may be concentrated by evaporation. 

As thus prepared, it is a transparent colourless fluid 
of an oily consistence, having an acid taste, and reddening 
vegetable blues. By the application of strong heat, part 
of it is volatilized, part decomposed, and resolved into its 
constituents, oxigen and chlorine. 

Lhe proportions of its ingredients have been discover- 
ed, by decomposing some of its salts, as that used in the 
preparation of the oxid, and which is done merely by the 
application of heat, (see Chlorate of Potass, J) by which 
oxigen gas is disengaged, and the chlorine is left in union 
with the metallic base of the potass ; so that, by collect- 
ing the former, and weighing the latter produced by the 
decomposition of a certain weight of the salt, the pro- 
portions are found. Thus, 100 of ‘the dry salt yield 
38.88 of oxigen, and leave in the retort 61.12 of the com- 
pound of chlorine and potassium, which consists of 28.92 
chlorine, and $2.18 of potassium. Now, 32.18 require 
6.57 of oxigen to convert them te potass, in which state 
they existed in the salt, and deducting this from 88.88, 
leaves 32.31, which must have been in union with the 
28.92 chlorine; and 

as 28.92 : 82.31 :: 45:50 =. 
so that we may consider it composed of 
1 atom of chlorine, 45 
5 atoms of oxigen, 50 
and its atomic weight ~- 95 
VOL. I. x 
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‘And as an atom of oxigen is represented by 1 vo. 
lume, and that of chlorine by 2, chloric acid must 
consist of re 

Ss 2 


, 
{ ‘t 


Vols. 
chlorine, a 
oxigen, 5 
al 
zs | 


Prer-CuHioric ACID. 


Count Van Stadion of Vienna has given an account — 
of another acid of chlorine and oxigen, and to which the 
name of per-chloric has been given. When the deutoxid - 
of chlorine is prepared from the mixture of sulphuric 
acid and chlorate of potass, a saline matter is left in the 
apparatus, which contains potass, partly in union with 
this acid, and which may be separated by sulphuric 
acid. (Sez Chlorate of Potass. ) | 

According to Stadion, the salt containing it in union 
with potass, is decomposed by heat, by which oxigen is 
given off, and the chlorine is left in union with the metal- 
lic base of the alkali; so that, by collecting the oxigen, 
and weighing the residuum from a certain weight, he 


has fixed the proportions at yp 
chlorine, 39 3 
oxigen, 61 a 
, ra 5 
Lge fs 100 f 
and as: 389: 61:: 45: 70; - 
so that, if the experiment is correct, it is a compound of — 
‘1 atom of chlorine, 45 
' atoms of oxigen, 70 a 


its atomic weight being 115 


Vols, 
that is, of chlorine, 2 
oxigen, 7 ‘ 


With the properties of this acid we are not at all ac- 
quainted. 


- 
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Iopiec AcID. 


Iodic acid was discovered by Davy, (Ph. Tr. 1815.) 
It cannot be procured by the direct union of its ingre- 
dients, but it may be formed by exposing iodine to the 
action of substances containing oxigen, for which pur- 
pose euchlorine is employed. When the mouth of the 
retort from which this is issuing, when generated in the 
usual way, (sce Chlorate of Potassa, ) is placed in a bot- 
tle containing iodine, two new compounds are formed, 
one containing iodine and chlorine, the other iodine and 
oxigen. By the application of heat, the former is driven 
off, and the latter is left. It is iodic acid. 

Iodic acid, as thus procured, is a white semi-transpa- 
rent substance, having a very acid taste, first reddening, 
and then destroying, vegetable blues. When subjected 
to heat, it is decomposed, and resolved into its compo- 
nent parts, by which we have a method of finding the 
proportions of its ingredients. According to Davy, 100 
grains give out 23.6 of oxigen; so that the remainder, 
76.4, must have been iodine, thus making the propor- 
tions, ; 

iodine, 76.4 
oxigen, 23.6 
Gay Lussac, by decomposing it in the same way, has 
fixed them at 75.76, and 24.24 ; 
and as 75.76 : 24.24:: 155: 48; 
so that, making allowance for error in experimenting, it 
is probably a compound of | : ; 4% 
1 atom of iodine, 155 
5 atoms of oxigen, 50 
its atomic weight being 205 
' Todic acid possesses the remarkable property of com- 
bining with other acids, and forming peculiar compounds. 
When sulphuric acid is added to it, a substance is pre- 
cipitated, which seems to contain both, and which is de- 
composed by a strong heat, giving off iodine, oxigen, and 
sulphuric acid. The same happens with nitric, phos- 
x2 
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phoric, carbonic, and boracic acids ; compounds of both: 
are formed, which, when heated, give out iodine, oxigen, 
and the other acid, with which the iodic was in union. 


SeLenic ACID. 


It has been already mentioned, that when selenium is 
heated in air, sélenic oxid and acid are formed. Though 
the acid may thus be procured by synthesis, it is more 
easily prepared by boiling nitro-muriatic acid, or aqua 
regia, on selenium, by which oxigen is communicated to 
it, and selenic acid is formed, and may be obtained by 
evaporation. a 

As thus procured, itis a white saline-looking matter, 
which, when heated, becomes a vapour of the colour of 
chlorine, and again condenses in the cool part of the ap- 
paratus. Selenic acid has a sour taste. It is very solu- 
ble in cold, and in any quantity in boiling water, the so- 
lution as it cools depositing crystals. It is easily decom- 
posed by those substances having a powerful affinity for 
oxigen; for instance, some of the metals, as iron and 
zinc, by which the oxigen 1s removed, and the selenium 
deposited. . 

According to Berzelius, it is composed of 

selenium, 100. or 71.25 
oxigen, 40.33 or 28.75 
and as 71.25 : 28.75: : 50: 20.1 ; 
so that we may consider it composed of 
1 atom selenium, 50 
2 atoms of oxigen, 20 


and its atomic weight will be 70 


Cyanic Acip. 
¢ YI ‘ 
When sulphur, chlorine, and iodine, are heated with 
alkaline solutions, there is the formation of two acids, 
by the~decomposition of the water, and transference 
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of its ingredients to the simple substances. A similar 
change is effected with cyanogen, for though Gay Lus- 
sac, (An. de Chim. xcv.) who first noticed the absorp- 
tion of cyanogen, when passed through a ‘solution of 
potassa, imagined that it united with the alkaline 
base, yet it has been found by the experiments of 
Wohler, (An. de Ch. et de Ph. xx. xxvii.) that it de- 
composes the water, and, by uniting with its ingredients, 
forms acids, one of which, from its containing oxigen, is 
called cyanic. The same acid is also formed and united 
with potassa, by exposing to heat a mixture of the salt 
called ferrocyanate of potass, and oxid of manganese, 
(see Manganese, ) the one containing cyanogen in union 
with iron, the other a metal and oxigen, the latter of 
which, by the application of heat, unites with the cy- 
anogen, and forms cyanic acid, which is left combined 
with the potassa of the salt. (See Manganese.) 

The acid thus generated has not yet been procured in 
its separate state, for, from the apparently weak affi- 
nity by which its ingredients are held in union, when 
any acid is added to its salts with the view of removing 
the base, it is decomposed, and resolved into carbonic 
acid and ammonia, the former generated by the union of 
the carbon of cyanogen with the oxigen both of the acid 
and of the water, and the latter by the combination of 
the nitrogen of the first, and the hydrogen. of the last. 
The same is the case also when the salt is heated, car- 
bonic acid and ammonia being the products, and in this 
way, though Wohler failed in obtaining the acid, yet he 
succeeded in discovering the proportions of its ingre- 
dients. ‘They are, according to him, 


carbon, 15 or 2 atoms 
nitrogen, 17.5 or 1 atom 
oxigen, 10 or 1 atom 


But 2 of carbon and 1 of nitrogen constitute cyanogen, 
so that cyanic acid is composed of 

1 atom cyanogen, 32.5 

1 atom oxigen, 10° 


and its atomic weight 42.5 


$26 HYDR-ACIDS. 


Cyanogen and oxigen exist in a state of combination; 
apparently in the same proportions, in some of the ful. 
minating metallic compounds, as that of silver; but in 
these it is supposed that a part of the metal acts as the 
medium of communication, and accordingly must be — 
considered as an ingredient of the acid; the cyanogen 
and metal probably forming a compound radical in 
union with oxigen, and thus constituting the acid; an 
opinion strengthened by the fact that cyanogen is known 
to enter into union with iron, in its metallic state, and 
form a base acidifiable by hydrogen. (See Iron.) — Lies 
big, (An. de Ch. et de Ph. xxiv.) was the first who 
threw out this conjecture with respect to the nature of 
fulminating silver, and from an analysis afterwards per-~ 
formed by himself and Gay Lussac, (Ibid. xxv.) it was 
found that the peculiar acid existing in it contained an 
atom of oxigen and of cyanogen ; but in their attempts 
to decompose it, though the oxid of silver was separated 
by the addition of other re-agents, yet the acid always 
contained silver. They have given it the name of Ful- 
minic Acid, to distinguish it from the cyanic of Wohler. 
(See Mercury and Siiver. ) | 

If these opinions of Gay Lussac and Liebig be hereafter 
established, it will be a confirmation of the remarks made 
(p. 282.), that there exist not only simple but com- 
pound bodies, acidifiable both by oxigen and hydrogen.” 


“hers 


ACIDS WITH HYDROGEN. ' 


SuLPHURETTED HyprocEn, or Hypro-Sunpuuric ACID. 


Wuen sulphur is heated in hydrogen gas; they unite, 
and form a transparent colourless gas, called sulphuretted 
hydrogen, discovered by Scheele in 1777, since which it 
has been made the subject of investigation by Bergman, 
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Kirwan, and Berthollet, and more lately by almost all 
chemists of distinction of the present time. 

Though sulphuretted hydrogen can be formed by 
the direct union of its ingredients, it is not prepared in 
this way for use, being always procured by the decompo- 
sition of water, by means of an acid and a metallic com- 
pound containing sulphur, such as sulphuret of iron or 
of antimony. (See Iron.) _ 

Sulphuretted hydrogen is a transparent colourless gas, 
having a very fetid odour and taste, resembling that of 
putrid eggs. It extinguishes combustion, and is unfit 
for the support of animal life. Even when breathed 
largely diluted with air, it proves fatal in a very short 
time. Its specific gravity, according to Davy, is 1196, 
while Thomson makes it 1178; but from reasoning 
founded on the atomic doctrine, he says it ought to be 
1180 ; 100 cub. inches weighing 35.9 grains. 

When subjected to great pressure, it becomes a trans- 
parent, very limpid, colourless fluid, which, when exposed. 
to the atmosphere, instantly flies off in the state of gas. 

When electric sparks are passed through it, it is de- 
composed, sulphur is deposited, and pure hydrogen is set 
free, exactly of the same volume as the gas itself. 

When heated in contact with air, it takes fire, and 
burns slowly with a pale bluish red flame, and sulphur is 
deposited on the sides of the vessel. If, however, it be 
previously mixed with oxigen gas, it explodes, and there 
is no deposition of sulphur; the proper proportions are, 
2 of gas to 3 of oxigen, 1 of which unites with the hy- 
drogen and generates water, while the other 2 combine 
with the sulphur to form sulphuric acid, which are the 
only products of the action. 

From these experiments it is evident, that sulphuret- 
ted hydrogen has sulphur and hydrogen as its ingredients, 
_ and the decomposition by electricity shews that it con- 
tains its own volume of hydrogen; so that its propor- 
tions are easily ascertained, by deducting the sp. gr. of 
hydrogen from that of sulphuretted hydrogen, and the 
remainder is the quantity of sulphur: 
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1180 — 69 — 1111; 
and as 1111: 69: : 20: 1.24, 
so nearly 125, that we consider it a compound of ~ 


1 atom of sulphur, - 20. ie | 
1 atom of hydrogen, 6 ond. 26 | . | 
and its atomic weight s 21.25 


Sulphuretted hydrogen is easily absorbed by water, 
100 cubic inches of which, according to Saussure, take 
up about 250. ‘The solution is transparent and colour- 
less, having the disagreeable odour and taste of the gas. 
It has the power of reddening vegetable blues, in this _ 
respect resembling the other acids already described. — 
When exposed to the air, a part of the gas flies off, | | 
another part is decomposed, and deposits sulphur, so | 
that the solution becomes opake. On the addition of ni- 
trous acid there is also a deposition of sulphur, the acid 
giving off oxigen to the hydrogen. a 

Sulphuretted hydrogen, in the gaseous form, is also | 
easily decomposed by nitrous acid. If a few drops of 
the fuming acid be thrown into a jar of it, sulphuris in- — 
stantly dentaied, and the hydrogen combines with oxi- 
gen; and during their union heat is disengaged, sufficient _ 
to cause inflammation, particularly if the mouth of the 
vessel be loosely covered after the introduction of the acid. 

Sulphuretted hydrogenactsvery powerfully onalmostall 
metallic substances, in general giving them a dark coating. 
Hence it is that silver goods are so easily tarnished, ow- 
ing to the sulphureous vapours constantly floating in the 
atmosphere, and. especially in apartments where coal is 
used as fuel, coal in general containing a considerable” 
quantity of sulphur. vi, | 

It is from the ease with which metallic matter, whether 
pure or in combination, is acted on by sulphuretted hy> 
drogen, that they are used as tests of it. If, for instance, 
the smallest quantity of this gas should exist in any other 
gaseous body, it is easily detected by the introduction 
of a piece of white paper, soaked in solution of sugar 
of lead, which will instantly acquire’a dark colour. 


a < 
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As sulphuretted hydrogen is in every respect to be 
considered an acid, not only because it reddens vegetable 
blues, but because it combines with alkalies and earths, 
and forms salts, it has been proposed by German che- 
mists to call it hydro-thionic acid, (from hydrogen, and 
ses, sulphur.) Gay Lussac has given it the name of 
hydro-sulphuric acid, a term rejected by English chemists, 
because it has been applied by Davy to oil of vitriol, 
which contains sulphuric acid and water. But those 
bodies containing water are called hydrates ; it would be 
better, therefore, to adopt the name given either by the 
Germans, or that of Gay Lussac, as thus a great deal of 
confusion, particularly when treating of its compounds, 
would be avoided. 

Sulphuretted hydrogen exists in many mineral waters, 
as those of Harrowgate, Moffat, Aix-la-Chapelle, &c. 
which are supposed to be efficacious in cutaneous diseases, 
from the sulphuretted hydrogen they contain. 


SupER-SULPHURETTED HyDROGEN. 


Sulphur and hydrogen unite in other proportions than 
those in the preceding compound, and form another acid, 
called super-sulphuretted hydrogen. It cannot be pro- 
cured by the direct union of its ingredients, but, on the 
addition of another acid to some of its compounds, it is 
liberated. 'Thus, when the solution of the salt formed 
by boiling sulphur in water of potass, and which is a 
compound of the alkali with super-sulphuretted hydro- 
gen, (see Sulphuretted Hydro-sulphuret of Potass,) is 
poured into about its own bulk of muriatic acid, glo- 
bules of an oily-looking fluid are gradually deposited, 
which are the acid set free from the potass. It is of a 
yellowish colour, has an odour similar to that of sulphu- 
retted hydrogen, but not so offensive. When heated in 
air, it burns, and emits sulphurous acid. 3 

_ According to Dalton; it contains double the quantity 
of sulphur that exists in sulphuretted hydrogen. If so, 
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it is a compound of two atoms sulphur, and one hydro- 
gen. - 

We are little acquainted with it in its uncombi 
state, but when in union with salifiable bases, it forms 
interesting compounds, called sulphuretted hydro-sulphu 
réts. 


Moriatic on Hypro-Curioric Acip. 


Muriatic acid has been long known as an important 
and useful acid. It is mentioned in the writings of Ba- 
sil Valentine, who flourished in the fifteenth me 


was not aware of its composition. Its propa ties were 
afterwards examined by Priestley and Scheele, anc more 
lately the investigation of its qualities, attiegiltlyy with | 
the view of ascertaining its composition, has o oval 
the attention-of all the chemists of distinction of the pre- 
sent time. It was formerly called spirit of sea salt, and 
marine acid, which have given way to that of muriatic 
acid, derived from puga, salt water. . 
As usually procured, it is a liquid, more or less co- 
loured from the admixture of foreign matter. In its: 
pure state, however, it is a transparent colourless Las, 
having a peculiar pungent odour. When inspired, ever 
though largely diluted with air, it irritates the fauces 
and occasions a sense of suffocation. It is almost impo 
sible to draw it into the lungs when pure, hence it is 
unfit for the support of animal life. It does not support 
combustion, a lighted taper, when immersed in it, being 
instantly extinguished. It has, however, a peculiar ef. 
fect on the flame, which, just before it ceases, acquires 
a green tinge. This is best illustrated by putting the 
candle into a mixture of air and gas, so as to keep it 
burning, and for this purpose, having put a little sea 
salt at the bottom of a vase, pour on it a few drops of 
oil of vitriol. Muriatic gas will be disengaged from the 
salt, and mixing with the air of the vessel, will commu- 
nicate a green tinge toa candle, when plunged into it. 
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The sp. gr. of muriatic acid gas has been variously stat- 
ed. According to Biot and Arrago, it is 1250, while 
Thomson makes it 1284. When subjected to high pres- 
sure, Faraday found that it formed a transparent colour- 
less fluid. 

The proofs of the composition of muriatic acid gas are 
sufficiently strong. It has been already mentioned, (p. 
Q61.) that when equal volumes of chlorine and hydrogen 
are mixed, they may be made to combine by heat, light, 
or eleetricity, and form a colourless gas, having all the 
properties of muriatic acid. When perfectly dry, muria- 
tie acid gas has a series of electric sparks passed through 
it, part of it is decomposed, and chlorine and hydrogen 

are liberated, This experiment cannot, however, be 
conducted so long as to effect the decomposition of the 
whole of the acid, because, when the proportion of the 
newly disengaged gases becomes considerable, they are 
mad ain to combine by the electric spark. When 
muriatic acid and oxigen gases are passed through an 
incandescent tube, water and chlorine are the products. 
All of these experiments, and others of a similar nature, 
prove that muriatic acid is composed of hydrogen and 
chlorine, and hence the name Mydro-chloric acid, propos- 
ed by the French chemists, but not adopted in this coun- 
try. It has been mentioned, that when equal volumes 
of these are exposed to light, they form the acid gas, 


hence the proportions must be as their specific gravities, 
69 to 2500, 


and as 69: 2500:: 1,25: 45, 
so that it is composed of 


1 atom of chlorine, 4, 
1 atom of hydrogen, 1.25 
its atomic weight being 46,25 


As equal volumes of hydrogen and chlorine unite with- 
out condensation, the specific gravity of muriatic acid 
must be half the sum of the specific gravities. 

! 2500 + 69 == 2569 == 1284.5. 
, 3 
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Muriatic acid gas, when exposed to air, emits appa- 
rently watery vapour, but which is owing to its com 
bining with the moisture of the atmosphere. : 

It has a very powerful affinity for water, which takes 
up a large quantity of it, producing instant condensation. | 
The rapidity of the absorption is well illustrated by re- 
moving, under water, the stopper from a tall bottle of 
it. The fluid instantly rushes up as if into a vacuum, 
and if, instead of water, cabbage infusion be employed;y 
the colour becomes red. If a few drops of watersbe let 
up into a jar of gas standing over mercury, the absorp- * 
tion is slower, but still the whole of the gas is condensed, 
provided it is pure. Hence the necessity of workin; i 
with it in a mercurial trough. =» adh, Stay 

According to Davy, water absorbs 480, and according — 
to Thomson, about 418 of the gas, forming a transpa- 4 
rent colourless solution, usually known by the : lame of 
liquid muriatic acid, the specific gravity of 1¢ 
about 1200 ; but this depends entirely on the « quantity. of | 
gas it contains. During the absorption, there is an. en-— 
lareernenet 100 parts becoming about 134, and heat is 
disengaged. 

When a piece of ice is admitted into the gas over mer- 
cury, it is instantly liquefied, as when thrown into boil-_ 
ing water, and the acid gas is at the same time absorbed. _ 

Liquid muriatic acid, as the fluid procured by the con- 
densation of the gas by water*is commonly called, is, 
when pure, transparent and colourless. It has a pungent ~ 
odour, similar to that of the gas itself. "When exposed 
to air, it emits whitish fumes, occasioned by the escape 
of part of the gas, which then unites with the moisture 
of the atmosphere. Common muriatic acid of the shops 
is, however, rarely colourless, having in general a 
brownish tinge, owing to the presence of a little iron. 
Its specific gravity varies according to the quantity of 
gas it holds in solution. ‘lables of the quantity of acid 
in acids of different sp. gr. are given in the Appendix. 

By applying a slight heat to the common muriatic 
acid, the gas is disengaged, and _ the water is left nearly 


he 
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pure, hence a method of procuring the gas ; and for this, 
all that is necessary is to put a little of it into a retort, 
and apply a slight heat, as that of a spirit lamp, by 
which the gas is disengaged, and may be collected over 
mercury. It is not, however, pure; it is loaded with 
moisture, but from which it can be freed, by exposing it 
to substances having an affinity for water, as muriate of 
lime. 

The boiling point of the liquid acid depends, of 
course, on its strength; but, like other acids, there is 
a certain density at which it continues always the same. 
According to Dalton, acid of sp. gr. 1096, and which 
contains 1 atom acid + 16 water, or 20.4 per cent. of 


real acid, boils at 232, while that with either more or 


et a much lower heat. The boiling point of 


the acid of the shops, and which is composed of an atom 
‘of acid to 6 of water, is about 107. 

- When snow or ice, and liquid muriatic acid, are mix- 
ed, there is a great reduction of temperature, owing to 
the sudden liquefaction of the former. 5 of snow, and 
4 of acid, previously cooled to 32, produce a cold of 
— 27. 

Muriatic acid, either gaseous, or when condensed by 
water, has no action whatever with the simple inflamma- 
bles, in this respect differing from the oxi-acids. 

The action between nitric and muriatic acids is impor- 
tant, not only from the peculiar nature of the action it- 
self, but also from the remarkable properties of the 
compounds formed. When one of colourless nitric is 
mixed with two of liquid muriatic acid, they very soon 
acquire a brownish colour, and there is, at the same time, 
a disengagement of chlorine and nitrous acid. If a slight 
heat be applied, the action is accelerated, and the effer- 
vescence becomes violent, so that it is necessary to keep 


the flask under a chimney, to prevent the escape of the 


noxious vapour into the apartment. ‘The heat must not, 
however, be long continued, otherwise the fluid again be- 
comes colourless. The substance thus prepared has been 
long known by the name of Agua Regia, from its power 
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of dissolving gold. It is now commonly called nitro-mu- 
riatic acid. It was at one time supposed. to contain ni se | 
and muriatic acids, both of which acted on the gold, the 
former giving it oxigen, and the latter combining with 
the oxid formed. It has been shewn, however, by Davy, | 
that its power of dissolving this metal is owing to the 
presence of chlorine, derived from the decomposition 
part of the muriatic acid, the hydrogen of which —— 
with oxigen from the nitric acid, to form water, setting 
free chlorine and nitrous acid, part of which escapes in 
the gaseous form, part is retained by the f oui Thi 


and metal refiners. (See Gold ond Platinum, is: ee 
Muriatic acid has been detected in very minute | 
tity in the enkyeseioner ship neal aero 


some aly pa metallic compounds. | 

It may be procured, as already stated, _ 
union of its ingredients, but it is never prepared in this 
way for use. It is always obtained by the addition of © 
sulphuric acid to sea salt, which contains it in combina-— 
tion with soda. (See Muriate of Soda.) * 

It has been recommended to employ the gaseous acid, 
for purifying crowded or ill-ventilated apartments, but 
it is too irritating to the lungs to admit of its being used 
for this purpose. It may, however, be employed after 
the apartments are empty, (See Muriate of Soda.) The 
liquid acid is used in medicine as a gargle, when large- 
ly diluted. It is employed also in Pharmacy. It is very 
efficacious in removing iron stains from cloth; for which 
purpose the cloth is to be wetted with it, very much di- — 
luted, and almost immediately washed. Should the 
first application not succeed, it must be repeated, al- 
ways taking care to wash the cloth well, lest the acid 
injure its texture. 

Though muriatic acid has been treated of as s being 
composed of chlorine and hydrogen, an opposite opi-— 
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nion, with respect to its composition, is still maintained. 
by some. They suppose that it is composed of oxigen 
and an unknown base, to which the name of murion has 
been given, and that this base, by uniting with an addi- 
tional proportion of oxigen, forms chlorine, or rather, ac- 
cording to these chemists, owi-muriatic acid. If this is 
really the constitution of these bodies, we can easily ac- 
count for the chemical changes that take place, both with 
muriatic and oxi-muriatic acid. When hydrogen is mix- 
ed with the latter, it deprives it of its excess of oxigen to 


form water, which enters into union with the muriatic 
é ae 


. uniting with the muriatic acid, and liberating the 
water. ia 

4 _ Though the actions can thus so far be satisfactorily 
accounted for by both doctrines, yet there are some facts 
that seem more in accordance with that which supposes 
chlorine to be a simple body ; besides, analogy is strong- 
ly in favour of this opinion ; and by considering chlorine 
as a simple substance, we can adopt an arrangement in 
which the different facts of chemistry can be more clearly 
brought to view, than by supposing it to be compound. 


Hypriopic Acip. 


When iodine is heated in hydrogen gas, they gradu- 
ally enter into union, and form a gaseous compound call- 
ed hydriodic acid. Though it can thus be prepared by 
the direct union of its ingredients, other methods are pre- 
ferred. That generally followed, is to put a mixture of 1 
part of phosphorus and 4 of iodine, moistened, into a re- 
tort, (see Cut, p. 315.) and apply heat, by which there is 
a decomposition of the water, the oxigen uniting with the 
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phosphorus to form phosphoric, and the hydrogen 
with the iodine, to generate hydriodic acid ; it 
acts on water and mercury, being absorbed by thee one, 
and decomposed by the other, it is most easily collected 
by the displacement of the air, and as it is heavier than 
it, the mouth of the receiver must be kept up. a 
This acid gas was discovered by Clement and Des 
ormes, and has been examined by Dr Davy, and by Ga 
Lussac. It is transparent and colourless, having an 
odour similar to that of muriatic acid. Its sp gt» 
cording to Gay Lussac, is 4443, 100 inches weigh: 
gr. It is easily decomposed by oxigen, 
heated with it, deprives it of its hydros 


cury, which will combine with its iodine, a 
gen at liberty. When this is done, the di 
gen occupies just half the volume of the ga 


if we deduct half the specific gravity of eee fro 
that of hydriodic acid, we have the quantity of iodi 1 
with which the hydrogen was united :— . 


= == 34.5, and 4443 — 34.5 = 4408.5 


again, as 84.5 : 4408.5 :: 1.25 : 160 o34..3 de 

so nearly 155, the atomic weight of iodine, that we i | 
consider it composed of | 
1 atom of iodine, ~ - 155. Be 

1 atom of hydrogen, ~ 1.25 ® 


and its atomic weight, ay 156.25 

The reason for the experimental result not agreeing 
with the atomic calculation, is the difficulty of procu 
the hydriodic acid gas pure, so as to ascentaiRs wil 
precision its specific gravity. } | te 
Gases always unite in the simple ratio of volume to 
volume, or the one is a multiple of the other. _ oi. i 
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we suppose hydriodic acid to be composed of a volume of 
iodine vapour, and-of hydrogen gas, united without con- 
densation, the specific gravity must be the mean of these : 


ae — 4340, and 4340 — 34.5 — 4805.5 


and 34.5 : 4305.5 : : 1.25 ; 155. 
by which it is made to consist of an atom of each of its 
component parts. 

Hydriodic acid gas is easily absorbed by water. The 
solution, when saturated, is of specific gravity 1700, and 
boils at 2623. When exposed to the aii, it acquires a 
| | I n the deposition and Meas solution 


ur oe When chlorine is passed RUS 
uriatic acid is generated, and iodine deposited. 
h ise hydriodic acid can be procured by the 
ation ater with the gas, it is seldom prepared in 
: . I “tee usually procured by passing a stream of 
e sted hydrogen through water, holding iodine sus- 
pende d in it, by which the sulphur is deposited, and the 
iodine and hydrogen unite to form the acid, which is 
taken up by the water. By boiling, the excess of water is 
driven off, and the acid obtained concentrated, which is 
known as soon as the boiling point becomes 2623. 


SELENURETYED HyproceEn, or Hypro-SeikEnic Acip, 


SELENIUM, it has been already mentioned, unites with 
other bodies, and forms compounds called selenurets, 
some of which when thrown into water decompose it, the 
hydrogen uniting with the selenium, and the oxigen with 
the other body. When, to any of these compounds, mu- 
riatic acid is added, it unites with the oxid, and the 
compound of selenium and hydrogen is disengaged in the 
form of gas. It is called selenuretied hydrogen, or, as it 
is an acid, hydro-selenic acid. 

It is absorbable by water, forming a transparent co- 


lourless solution, which reddens litmus, but which, when 
VOL. I, Y 
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kept for some time, becomes muddy from the deposition 
of selenium. The gas itself produces remarkable effects 
on the organs of respiration ; when the smallest bubble of 
it is admitted into the nostrils, it excites pain, and de- 
stroys for some hours the sense of smell, followed by 
catarrh, deep pain of the chest, and expectoration of 
mucus, which continues for several days. 4 
From the experiments of Berzelius, it is composed of 3 
97.4 selenium. q 

2.6 hydrogen. 

From which Thomson considers it composed of 

1 atom of selenium, 50!” me 

1 do. hydrogen, 1.25 | 


and its atomic weight will be 5s i 


Derbyshire spar, a gaseous substance is given off 
so early as 1670 was observed to corrode glass. i , 
examined by Margraaf, who gave an account of it i 
1°68. Scheele also described its properties,® and consl- 
dered it a peculiar acid, being in the spar in union wi ith 
lime. It was, however, afterwards shown by Wegleb 
Bucholz, and Mayer, that the gas thus procured i is not 
the acid in a state of purity, for when prepared i in glass 
apparatus, it always contains a quantity of siliceous mat- 
ter, derived from its action on the glass. Gay Lussac 
and Thenard first pointed out a method of obtaining it 
\, pure, and to them we are indebted for the account of its 
‘properties, (Recherches Ph. Chim.) Sir H. Davy and 
Wr Davy have also examined it, (Ph. Tr. 1812—13,) — 
' Instead of carrying on the decomposition of the spar in 
glass vessels, the French chemists have recommended 
those of lead or silver, the vapour, as it comes off from 
the mixture of acid and spar, being also collected in re- 
ceivers of the same materials. (See Lime. Des ity 
Fluoric acid, as procured in this way, is a ola 
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fluid like water, the sp. gr. of which, when concentrated, 
is 1060. It has a strong affinity for water, and during its 
union gives out so much heat, as actually to cause the 
mixture to boil, and what is very remarkable, the speci- 
fic gravity becomes increased, being, when containing a 
certain quantity, 1250. When the strong acid is dropt 
into water, it emits a hissing noise similar to that pro- 
duced by the immersion of a red-hot iron. , 

It has been exposed to a cold of —4 without freezing. 
The boiling point has not yet been ascertained. When 
exposed to the air, it emits white fumes, having an odour 
similar to that of muriatic acid; and at the same time it 
quickly disappears, the vapour arising from it being very 

deleterious ; so that great caution is necessary when ex- 
perimenting with it. 

It has a powerful effect on the animal fibre. "When it 
touches the skin, it excites severe pain followed by in- 
flammation and suppuration, leaving a sore very difficult 
to heal, and accompanied with general irritation; and 
hence the necessity of caution when operating on it. 

The most remarkable property of fluoric acid, is its 
power of corroding glass, and of combining with its si- 
liceous matter, (see Silica.) From this property, it 
is evident that we cannot keep it in vessels of this; me- 
tallic ones, as those of lead or silver must be employed. 

Till very lately fluoric acid was supposed to be a 
compound containing oxigen. Ampere, however, first 
threw out the conjecture, (An. de Chim. et de Phys. il.) 
that it might be a compound of hydrogen, and a base si- 
milar to chlorine and iodine, an opinion soon after adopt- 
ed by Davy, and now maintained by almost all chemists. 
When describing the properties of Fluorine, it was then 
mentioned, that all attempts to procure it in its separate 
state have failed. We must; therefore, consider the 
views with respect to the composition of fluoric acid as 
not yet decided. Should they hereafter prove correct, 
the name of hydrofluoric acid must be given it, shewing 
that it belongs to the class of hydr-acids. 

Fluoric acid has been discovered in the Saxon and Bra- 

¥ 2 
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zilian topaz, and in a few other minerals. Morrichint 
found it also in the enamel of the teeth of an elephant, 
and Gay Lussae in ivory; and Berzelius states that he 
has detected it, not only in the enamel, but also in the 
body of the teeth. . 
Fluoric acid, from its power of corroding glass, is em- 
ployed for etching onit. For this purpose the glass is 
covered with a thin coating of wax, and that part to be 
corroded is exposed, by removing the coating by a sharp 
instrument. The fluor spar, reduced to powder, is put into” 
a metallic vessel, and an equal quantity of sulphuric acid 
poured on it, by which the acid is set free; the glass is 
then put on, as a sort of cover, and secured by luting, 
leaving a small aperture for the escape of the super- 
fluous acid. After being on for some time, that part 
uncovered by the luting is found to be corroded ; if not ; 
sufficiently _so, the process must be repeated. 


t) 
¥ 


Fluo-Boracic Acid. 


When sulphuric acid is poured on a mixture of Derby 
spar and boracic acid, a gaseous fluid is given off, which 
was discovered by Gay Lussac in 1808, and afterwards 
examined by Dr Davy and Sir H. Davy, the latter of 
whom has concluded from his experiments that it is. Ne 
compound of fluorine and boron, the former derived from 
the acid of the spar, the latter from the boracic acid, the 
hydrogen of the one and the oxigen of the other having 
united to form water. According to others, it is com- 
posed of fluoric and boracic acid in union, in atomic 
proportions, there being, as stated by Thomson, (First 
Prin.) an atom of each. i 

It is prepared by putting into a retort a mixture of 
1 of finely powdered fused borax, and 2 of Derby spar; 
pouring on 12 of vitriol, and applying heat, by which the 
gas is disengaged, and may be collected over mercury. — 

Fluo-boracic acid gas is transparent and colourless, 
having an odour similar to that of muriatic acid; its sp- 
er. 2370. When exposed. to air, it emits white fumes. 
Water absorbs it quickly, taking up about 700 volumes, 
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and forming a transparent colourless fluid of sp. gr. 1770, 
which has a sour taste, and reddens vegetable blues. 
When exposed to heat, part only of the gas flies off. 


Hypro-Cyanic AcIp. 


CYANOGEN enters into union with hydrogen, and forms 
an acid, formerly called Prussic, now hydro-cyanic, which 
was first procured in a state of purity by Gay Lussac, to 
whom we are indebted for the fullest account of its pro- 
perties, (An. de Chim. 1xxxili—xcv.) It cannot be 
procured by the direct union of its ingredients, so that, 
in preparing it, we are obliged to have recourse to decom- 
position. It has been already stated, (p. 281.) that cyano- 
gen, like sulphur and chlorine, unites with metals, and 
forms compounds called cyanurets, and which, like sul- 
phurets and chlorurets, are decomposed by water, the 
oxigen uniting with the metal, and the hydrogen with 
the cyanogen. In this way, then, compounds of oxids of 
the metals with hydro-cyanic acid are formed, and from 
which the latter may be procured by the addition of an- 
other, as muriatic. The cyanuret usually employed for 
this purpose is that of mercury, which is procured by 
the decomposition of another compound, containing cy- 
anogen, not yet described, and in which the chemical ac- 
tion is very complicated. (See Iron.) 

Hydro-cyanic acid, when pure, is a transparent colour- 
less gas, unfit for the support of combustion and respira- 
tion. It is easily absorbed by water, in which state it 
is usually procured. It thus forms a colourless fluid of 
sp. gr. 7058 at 45, having an odour resembling that of 
peach-blossom. Its taste is at first cooling, but it soon 
impresses the tongue with a burning sensation. It is one 
of the most virulent poisons with which we are acquaint- 
ed. It passes into vapour at the temperature of 80, and, 
what is very remarkable, congeals at 5, hence, when a 
little of it is exposed to the atmosphere, it is almost in- 
stantly frozen, the cold produced by the evaporation 
being sufficient to reduce the temperature of what is left 
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to the freezing point. When the vapour of hydro-cyanic 
acid, or when the gas itself, is exposed to heat in contact 
with air, it is inflamed ; and when heated with oxigen, it 
explodes, carbonic acid, water, and nitrogen being the 
products. For complete combustion, 4 volumes require 
_ 5; by which 4 of carbonic acid and 2 of nitrogen gases 
are formed, while the remaining elements produce water. 
4 volumes of carbonic acid are composed of 4 of oxigen, 
and 4 of carbon vapour, the remaining 1 of oxigen must 
have united with 2 of hydrogen, so that 4 volumes of 
acid must be composed of 4 carbon vapour, 2 nitrogen, 
and 2 hydrogen; but 4 volumes carbon and 2 of nitro- 
gen constitute 2 of cyanogen, so that it is composed of 
equal volumes of cyanogen and hydrogen, combined 
without condensation; the proportions by weight must 
therefore be as their specific gravities, 1805.5 to 69.4. 
And as 1805.5: 69.4: : 32.5: 1.25. 
So that it is composed of . 
1.atom of cyanogen, - 32.9 
1 atom of hydrogen, - 1.25 
its atomic weight being 83.75 
As the gas is composed of equal volumes of cyanogen 
and hydrogen united without condensation, its specific 
gravity must be “4 
ee 69.4 937.4 | | 
Hydro-cyanic acid, when long kept, undergoes decom- 
position. Carbon is deposited, and ammonia, formed by 
the union of the hydrogen and nitrogen, is disengaged. 
It is also decomposed by passing it through incandescent 
iron tubes, carbon being deposited, and hydrogen and ni- 
_ trogen evolved. 


SuLtpHo-Cyanic AcID. 


Hydro-cyanic acid has no action with simple inflam- 
mables except with sulphur, with which it seems to enter 
into union, and form an acid, discovered by Porret in 1808, 
but who was not then aware of its composition, In 1814 
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he published an account of it, (Ph. Tr.) and then con- 
cluded that it was a compound of hydro-cyanic acid and 
sulphur. He gave it the name of sulphuretted chyazic 
acid, but for which sulpho-cyanic has been substituted. 

Though it may be prepared. by putting sulphur into 

hydro-cyanic acid, it is never procured in this way for 
use. It is generally obtained by the decomposition of 
some of the compounds of iron with cyanogen. (See 
Iron.) 
_ Sulpho-cyanic acid is a transparent fluid, with a slight 
tinge of pink, and an odour similar to that of strong 
vinegar. Its specific gravity is 1022. It boils at about 
216, and by the abstraction of heat, freezes at 54. When 
passed through incandescent tubes, it is decomposed, and 
if these contain iron shavings, sulphuret of iron is form- 
ed, and hydro-cyanic acid and sulphuretted hydrogen 
are evolved. 

From the analysis of a compound of sulpho-cyanic 
acid and oxid of copper, Mr Porret concludes, that it is 
composed of 2 by weight of sulphur, and 1 of hydro-cyanic 
acid ; while Dr Thomson supposes it contains 2 atoms of 
the former, and 1 of the latter. 

According to Berzelius, on the contrary, the sulphur 
and cyanogen are united, forming a compound base, with 
which the hydrogen is combined. He supposes its com- 
position to be 

1 atom of cyanogen = 32.5 
2 atoms of sulpur == 40. 
forming 1 atom of bi-cyanuret of sulphur = 712.5 
which is in union with 1 atom of hydrogen = 1.25 
So that if his views are correct, sulpho-cyanic acid is 
composed of 
1 atom bi-cyanuret of sulphur, 12.5 
1 atom hydrogen, . - 1.25 
its atomic weight being 13.95 
If this is really its composition, it must be considered 
a hydr-acid, containing a compound base, and which is 
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not at all improbable, as it is well known that cyanogen 
has a tendency to unite with other bodies, and form com- 
pound acidifiable substances, of which we havea good in- 
stance in the case of iron, with which cyanogen forms a 
base called ferro-cyanuret. Sulphur and cyanogen thus 
uniting will form swlpho-cyanuret, and its compound with 
hydrogen, if the views of Berzelius are correct, must 


be called hydro-sulpho-cyanic acid, 


Cutoro-Cyanic AcIp. 


When chlorine gas is passed through liquid hydro- 


cyanic acid, there is also decomposition, and another acid 


is formed, which was discovered by Gay Lussac, and 


called by him chloro-cyanic acid. 


v 


It may be prepared by passing a stream of the gas 


through the liquid, till there is an excess of chlorine, which 
is known by its destroying colour. The solution is then 
agitated with mercury to remove the superfluous chlo- 
rine, and by the application of heat to it in a retort, a 
gaseous substance is given off, whichis the acid, but sup- 
posed to be mixed with carbonic acid. Gay Lussac ob- 
tained it concentrated in the liquid state, by putting it 
into a tall glass with mercury, which he inverted on a 


cup of the same fluid. The whole was put under the re 


ceiver of a pump, and the air withdrawn, by which the 
mercury and hydro-cyanic acid escaped from the glass, 
but left it full of acid vapour. On the introduction of 
the air, the vapour was condensed, the mercury at the 
same time rising, and bearing the fluid acid above it. 

As thus obtained, it is a transparent colourless liquid, 
having a very pungent odour and acid taste. Its vapour 
is also transparent and colourless, being extremely irri- 
tating to the eyes. When mixed with oxigen and hy-~ 
drogen, it explodes by electricity. According to the ana- 
lysis of Gay Lussac, it is composed of 

2 vol. carbon, 

1 vol. nitrogen, 

1 vol. chlorine, 
that is, of 1 vol. cyanogen, 

1 vol. chlorine. 


eu 
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Hypro-Xantuic Aci. 


It has been already mentioned, (p. 281.) that when 
bi-sulphuret of carbon is treated with alcoholic solution 
of potassa, the alkali becomes neutralized with a peculiar 
acid, containing hydrogen carbon and sulphur, the two 
last forming a eompound radical, called aanthogen. 
When to the solution concentrated by evaporation, mu- 
riatic or sulphuric acid is added, an oily-looking fluid is 
separated, which is the acid previously in union with the 
potassa, the other acid, owing to its more powerful affi- 
nity, having disengaged it from its state of combination. 

“Hydro-xanthic acid, according to Zeisse, (An. of Phil. 
N. S. iv.) is a transparent, colourless, oily-looking fluid, 
of greater specific gravity than water, having an acid 
taste, and a strong peculiar odour. When heated to 
about 212, sulphuret of carbon is deposited, and an in- 
flammable gas is disengaged. When heated in air, it 
burns and emits the odour of sulphurous acid. When 
mixed with iodine, it is decomposed, sulphuret of carbon 
is deposited, and the fluid has the properties of hydri- 
odic acid. It is from this and other experiments that 
Zeisse has concluded, that the acid contains hydrogen in 
union with a sulphuret of carbon, which acts the part of 
a base. 


SECTION VI. 


ALKALIFIABLE BODIES. 


Tue alkalifiable bodies, or those forming salifiable bases, 
may, like acidifiable substances, be divided into two 
great classes. 

Those forming bases with oxigen. 

Those forming bases with hydrogen. 

To the latter belongs nitrogen, the properties of which 
have been already so far described as included in the 
class of acidifiable bodies ; but it combines also with hy-_ 
drogen, and generates the alkali ammonia. ‘To the lat- 
ter belong those substances long called Metals, and to 
which have lately been added the newly discovered bases 
of the alkalies and earths. They have properties in com- 
mon, and by which they are distinguished from other 
substances ; so that, before proceeding to treat of them 
individually, a great deal of unnecessary repetition will — 
be avoided, by giving an account of them in general, 

The metals, with the exception of the bases of the al- 
kalies and earths, are of great specific gravity, the light- 
est being about 6 times, and the heaviest at least 21 
times the weight of water. 

They are possessed of considerable tenacity, by which 
they are malleable and ductile. By ductility is meant 


ALKALIFIABLE BODIES. 347 


that property by which they can be drawn out to wire. 
Wires are formed by drawing a rod of metal through 
conical holes in a metallic plate, each hole being smaller 
than the preceding one. By malleability is understood 
that quality by which they may be beat by a hammer, 
or extended by rollers into thin leaves. 

The metals vary much in ductility and malleability ; 
‘some scarcely possessing them, except at a certain tempe- 
rature, while others have them in a remarkable degree. 
Thus, a grain of gold can be beat out, so as to cover 
56 square inches, and an ounce, it is said, may be 
drawn on silver wire, to the length of about 1300 miles. 
During these processes, they become brittle and liable to 
‘break ; but which is prevented by heating them to red- 
ness, and allowing them to cool slowly, as by surround- 
ing them by ashes, or by a bad conductor, by which they 
are prepared for undergoing the same process as before. 
This is called annealing. 

Metals are in general elastic. In hardness they are 
inferior to many of the earthy bodies, but some of them 
have it to a considerable degree. 

With respect to caloric they are good conductors, and 
they expand more than other solids, their expansion be- 
ing also much more equable. According to Dulong and 
Petit, that of mercury from 32 to 212 is uniform, keep- 
ing pace with the addition of heat; but at degrees above 
or below this, it is by no means as the increase of tem- 
perature. 

By the application of heat they may be fused, but the 
melting point is various. Mercury continues fluid at 
—40. ‘Tin melts at 442; while platinum requires for 
its fusion the most intense heat we can procure. Those 
which are liquefied at comparatively low temperatures, may 
be volatilized and condensed, unchanged in their proper- 
ties, in the cool,part of the apparatus, provided the air 
is excluded, as is the case with potassium, sodium, mer- 
cury, zinc, and some others. 

When they have been fused, and allowed to congeal 
slowly, they assume a crystalline form, the crystals in 


=| 


348 ALKALIFIABLE BODIES. 


general being four-sided pyramids, either single or 
double! but they are occasionally also prismatic or cubi- | 


cal. During their passage from fluid to solid, many of 


them expand, and hence it is that they take so fine an 


impression when cast into moulds. 

Metals are conductors of electricity, and they possess 
also, in a remarkable degree, when acted on by other 
substances, the power of generating, and conveying 
when generated, galvanic electricity. 2 

They have attractions for almost all other substances, 


particularly those, the properties of which have been al- 


ready described. 

When heated in air, they in general lose their splen- 
dour and malleability, become friable and heavier, and 
resemble in appearance an earthy substance. This pro- 
cess, formerly called calcination, is now termed oxidation, 
because it is known to be occasioned by the union of the 
metal with the oxigen of the air, and the product is call- 
ed a calz or ovid. ‘The temperature at which it occurs, 
varies in almost every different instance. In some it 
goes on slowly, in others with great rapidity. In some 
it is accompanied with a slight glow, but in others it puts 


on the appearance of combustion, of which we have a 


good example in zinc. ‘To oxidate it, we have merely to 
put it into a ladle, and place it ona fire. It at first 
melts, but on continuing the heat, and stirring the melt. 
ed metal, it begins to burn with a feeble flame; but 


when the heat becomes more intense, the combustion is 
very brilliant, and a white flaky matter is wafted up, 


while an earthy-looking substance remains in the vessel. 
These are the products of the action, a compound of zine 
and oxigen. It is evident, that since this process d 
pends on a union of the metal with oxigen, it must be 
come heavier, while at the same time the air must be di 
minished ; and that this is actually the case, has been sa- 


tisfactorily proved. If a piece of copper, after being | 


weighed, be kept in a fire for some time, and again 


weighed, it will be found considerably heavier; but, for — 
the success of this experiment, it is necessary, on remov- 
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ing it from the fire, to put it ona plate, and cover it 
with a shade till it cools, because scales of the oxid fly off. 

When a metal is heated in oxigen gas, the combustion 
becomes very brilliant, and it can be shewn, at the same 
time, that the gas is consumed. For this purpose, into 
a jar of the gas, (Cut, p. 173.) open at both ends, and 
standing on a plate of water, introduce a coil of very fine 
iron wire, the end of which being tipt with sulphur, is 
previously kindled. It instantly becomes red hot, and 
is gradually consumed, emitting a bright white light ; 
at the same time, if the cork to which it is fixed is tight, 
the water will rise, and fill the jar. Globules of a black 
substance are found in the plate, which are the iron in 
union with oxigen; and that they are so, is proved by 
heating them in a retort along with charcoal, by which 
carbonic acid gas is given off, and metallic iron is left. 

_ The metals combine with different proportions of oxi- 
gen, and even the same metal is susceptible of different 
degrees of oxidation. Of course, like other compounds, 
the ingredients are determined by atomic proportions. 

As the metals unite with different proportions of oxi- 
gen, it is necessary to characterise them by particular 
names. This is occasionally done by prefixing the co- 
lour, or some of their qualities, as black and red oxid 
of iron; but the method now in general use, is that ap- 
plied to the other oxids which have been already de- 
scribed: As protowid, that with the first ; dewtowid, with 
the second ; éritovid, with the third ; perovid, with the 
largest proportion of oxigen. 

The oxids differ much in their appearance. They 
have not the lustre, tenacity, nor specific gravity of the 
metal; indeed, they in general resemble an earthy sub- 
stance. They are not inflammable, and they are less fu- 
sible than the metal they contain. 

When a metal has been oxidated, it may be restored 
to its metallic state, in some cases by the mere applica- 
tion of heat, in others by heating them with coal or char- 
coal, which, as has been mentioned with respect to that 
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of iron, deprives them of their oxigen, to form carbonic 
acid, that is given off in gas. ‘This is called reduction, 
and the matter subjected to the process is: said to be re- 
duced, or revived. 

The action of metals with water is very different. 
Some of them, as the lately discovered bases of the alka- 
lies and earths, deprive it of its oxigen the moment they 
come in contact, at the same time liberating the hydro- 
gen. Others, as iron, require a high temperature for 
effecting the decomposition, while some, even though 
brought to a red heat, have no effect on it; the affinity 
between the oxigen and hydrogen being more powerful’ 
than that between the oxigen and metal. | 

The metals enter into union with some of the acidifi- 
able bodies, and form substances possessed of peculiar 
properties. q 

Compounds of metals and carbon may be formed mere-_ 
ly by heating them together, as when iron is heated; im- 
bedded in charcoal powder. The products are called 
carburets, and do not differ much in their properties from 
the metals themselves. 

Phosphorus also unites with metals. The compounds. 
called phosphurets may be prepared either by heating the’ 
phosphorus and metal together, excluded from air; or, 
which is better, by heating the metal with phosphoric’ 
acid and charcoal, by which the carbon deprives the acid 
of its oxigen, and the disengaged phosphorus unites with 
the metal, and forms a phosphuret. Phosphurets are’ 
usually soft, more fusible than the metals of which they 
are composed, and are in general decomposed by a strong : 


heat. 
The action of many of the phosphurets with water, i 
important. When brought into contact, there: is a 
double decomposition, the oxigen combining with the 
base, and the hydrogen with the phosphorus; so that 
oxid of the metal and phosphuretted hydrogen are: the 
products. ‘This action takes place only with those phos- 
phurets which contain metals having a powerful affinity” 
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for oxigen, as the bases of the alkalies and earths. The 
phosphurets of other metals are not affected by water. 

Sulphur unites readily with metals, and forms impor- 
tant compounds. ‘The union is effected by heating them 
together, excluded from air. ‘Thus, if 3 by weight of 
iron filings be heated in a flask with 1 of flowers of sul- 
phur, when the latter is liquefied it begins to unite with 
the former. During the union there is at first a beau- 
tiful glow over the mixture, but at last the whole be- 
comes incandescent, and continues so for some time. 
The compound formed is a sulphuret, known also in 
commerce by the name of pyrites. 

The sulphurets retain some of the metallic properties: 
They have, in general, considerable lustre, but they are not 
malleable or ductile, and they are usually more fusible than 
the metal they contain. Many of them are decomposed by 
a strong heat, the sulphur being expelled, and leaving the 
metal pure. They are all decomposed when heated in 
air, the sulphur being inflamed, and passing off in the 
state of sulphurous acid, while the metal is itself con- 
verted into an oxid. Many of them are decomposed 
also by water, and the action here is important. When, 
for instance, the compounds of sulphur and some of the 
bases of the alkalies or earths are thrown into water, the 
hydrogen unites with the sulphur, to form sulphuretted 
hydrogen, and the oxigen with the metal, to generate an 
oxid, which having an attraction for each other, enter 
into union, and a salt is the product. | 

Those sulphurets which are not acted on by water, 
are, in general, decomposed by it provided an acid is 
present, as when sulphuret of iron and diluted sulphuric 
acid are mixed. The action on the sulphuret and water 
is the same as already mentioned, but instead of the sul. 
phuretted hydrogen uniting with the oxid, it is driven 
off in the form of gas, being prevented from entering 
into union with it, from the more powerful affinity of the 
other acid. 

Some of the metallic sulphurets, when exposed to mois- 
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ture and air, are ultimately converted to sulphates, of 
compounds of the oxid and sulphuric acid, the water be- 
ing first decomposed, and forming sulphuretted hydrogen 
and oxid, which when united decompose the air, the 
oxigen uniting with the hydrogen to generate water, and 
with the sulphur, to form sulphuric acid, which is left 
in union with the oxid, thus producing sulphate. 

The sulphurets or pyrites are a very important class 
of compounds, not only from their peculiar properties, 
but also from the metals being frequently found in this 
state of combination. : om 

Chlorine acts easily on metals in general, and forms com- 3 
pounds called chlorids, or chlorurets, analogous in their: 
properties to sulphurets. When, for instance, copper leaf . 
is introduced into a bottle of chlorine gas, it is instantly 
inflamed, the chlorine and copper uniting to form chloru- 
ret. The easiest mode of introducing the leaf is to put it 
coiled up loosely into a small copper dish, and place this 
on a wire, one end of which is passed through a cork, the 
other bent so as to form a support for the dish. The 
bottle of gas should be placed in a plate of water, and a 
shade put over it when the leaf is introduced, that the 
fumes may be prevented from escaping. | 

Chlorurets in many respects resemble sulphurets, par- 
ticularly in their action with water. When, for instance, — 
the chloruret of a metal, having a powerful affinity for 
oxigen, is thrown into water, there is an immediate de- 
composition, the oxigen and metal combine to form 
oxid, and the hydrogen and chlorine muriatic acid, which 
entering into union with the oxid produces muriate ; so 
that chlorurets, properly speaking, are not soluble in 
water, but converted into muriates. There are chloru 
rets, however, which do not undergo this change, sucl 
as those of silver and mercury, but on the addition of a 
acid, or of a metallic oxid, the decomposition is effected, — 
the hydrogen uniting with the chlorine, and the oxigem 
with the metal. If another acid has been added, it com~ 
bines with the oxid, and the muriatic acid is disengaged, — 
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but if another oxid has been employed, it seizes the mu- 
riatic acid, and the newly formed oxid is set at liberty. 

The action of iodine is similar to that of chlorine and 
sulphur,—it unites with the metals, and forms zodurets. 
The union may be effected either by putting the metal, 
as potassium, into the vapour of iodine, by which it is in- 
flamed, and then combines with it, or by mixing them, 
and heating them, by which the union is also effected. 
Todurets are similar, in many respects, to sulphurets and 
chlorurets. When thrown into water, most of them are 
decomposed, the oxigen forming an oxid with the metal, 
and the hydrogen hydriodic acid with the iodine, and 
these by their union generate a salt. 

Cyanogen acts exactly in the same way; with some it 
enters into union directly, but with others it cannot be 
made to combine, except by decomposition. The com- 
pounds formed are called cyanurets, and are, when acted 
on by water, similar to chlorurets, being converted to hy- 
drocyanates. 

The acids in general act with metals with great ease, 
but the action differs according to the acid, and its state 
of concentration ; the diluted acid generally acting most 
energetically. When nitric acid is employed, either con- 
centrated or diluted, the metal, with few exceptions, is 
dissolved, but at the same time acquires oxigen from 
part of the acid to form an oxid, which uniting with the 
remainder, generates a salt, nitric oxid being disengaged. 
When sulphuric acid concentrated is used, there is no 
action at a natural temperature; but on the application 
of heat, part of the acid is deprived of oxigen, to form an 
oxid, which unites with the remainder of the acid. If, 
however, it be diluted, the action is altogether diffe- 
rent. It is not the acid but the water that gives oxi- 
gen to the metal, to form the oxid,—of course hydrogen 
gasis disengaged. A similar action takes place with mu- 
riatic acid, the water oxidizing the metal. 

The substances formed in this way are called salts, 
which, it must be borne in mind, are compounds of the acid 
and metallic oid, for in no instance does an acid unite 
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-with a metal. In most of these the properties of the 
acid and base are destroyed or neutralized; and when 
this is the case, the compound is called a neutral salt. 

Compound salts differ much from each other in ap- 
pearance.—Some of them crystallize easily, while others 
cannot be procured in that state. Most of them are 
transparent and colourless, but some are of different co- 
lours, more particularly those containing the substances 
long known by the name of metals. Thus the salts of 
copper are blue, those of cobalt, red. : 

As metals unite with different proportions of oxigen, 
so we find that there are salts containing the same me- 
tals, but in different states of oxidation. In general, 
when a metal is dissolved by an acid, diluted, it is in 
the state of protoxid; but on the contrary, when con- 
centrated, the oxid is at its maximum. Gay Lussac has 
laid it down as a general rule, that the more oxigen there 
is in an oxid, the more acid it requires for saturation. 

It is of the utmost consequence to distinguish the 


salts by particular names; for as there are compounds of 


the same acid, with the metals in different states of oxi- 
dation, and again the same oxid in union with different 
proportions of acid, unless particular names be given to 


the compounds, it would lead to a great deal of confu- 


sion. 

The name of a salt 1s in general derived from that of 
the acid and base which it contains,—that of the acid 
being considered as the generic name. Thus, those with 
nitric acid, are called nitrates ; those with sulphuric acid, 
sulphates, and soon; and to these is added that of the 
base, as sulphate of soda, carbonate of lead, &e. It must 
be kept in mind, however, that though we speak of 
salt of a metal, it is always understood that that metal 


is in the state of oxid ;—thus carbonate of lead, properly 


speaking, is carbonate of the owid of lead. As the acidi- : 


fiable bodies are susceptible of different degrees of acidi+ 


fication, and the acids formed enter into union with the 


metallic oxid, it has been recommended that the name > 


denoting the acid should have a different final syllable, 


by which the proportion of oxigen may be shewn, and 
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the acid pointed out. Thus, those salts with the acid 
having the largest proportion of oxigen, have the final 
syllable of their name in ate, and those with the smaller 
proportion, in ite; as sulphate, denoting that the salt 
contains sulphuric acid, and sulphite, that it has 
sulphurous acid. But, again, the same acid fre- 
quently enters into union in different quantities with 
the same base. When the properties of both are 
destroyed, the salt is called a neutral one. When the 
acid is in excess, and in which case the compound has 
acid properties, it is called a supersalt, as supersulphate 
of potass. When it is in deficiency, and of course has 
the properties of the base, it is termed a swbsalt, as sub- 
carbonate of soda. Instead of super, the latin words bis, 
ter, &c. are sometimes used to shew the relative quantity 
of acid; thus, bisulphate of potass, that containing 
twice as much acid as exists in the sulphate. As metals 
are susceptible of different degrees of oxidation, and as 
the different oxids unite with the acids, it is necessary 
also to shew by the name which oxid the salt contains,— 
and this is done either by prefixing the term by which 
the oxid itself is characterized, or by adding some of its 
qualities. Thus, when a protoxid unites with acid, it 
forms a protosalt ; as protosulphate of iron, a compound 
of sulphuric acid and protoxid of iron. When the acid 
is in union with a peroxid, it forms a persalt ; as, persul- 
phate of iron. We often speak, also, of the green sul- 
phate, and brown sulphate of iron, the former having 
the protoxid, the latter the peroxid ; but the other me- 
thod is preferred, because it points out the composition 
of the salt. 

Metals unite with each other, and form compounds call- 
ed alloys, with the exception of those containing mercury, 
which are termed amalgams, and to designate these the 
name of the metal in largest proportion is placed first. 
Thus, an alloy of gold and copper shews that the gold is 
in largest quantity. 

Alloys retain the general metallic properties, but those 
of the metals they contain are considerably altered. Thus, 
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the specific gravity, hardness, and Auidity,. are different 
from what should be expected. The specific gravity, for 
instance, is seldom the mean of those of the ingredients, 
being in general greater ; but in some cases it is less, as. 
with the alloys of gold with copper or tin. With respect 
to fusibility, we find that this is also changed, the fusing. 
point being, in general, far below that of the least 
fusible metal. Platinum, which requires a most intense 
heat for its liquefaction is melted easily when. united 
with other metals. 7 ‘* 
The malleability and ductility are, in general, also. 
much impaired. Gold and lead are both malleable and. 
ductile; the former more so than any other metal, but 
when they are alloyed together, the compound. is quite: 
brittle; indeed, the ductility and malleability of gold are 
diminished by the presence of. 1-2000th part of lead. 
Hence the necessity of being particular. in the purifi-. 
cation of metals. r 
By alloying metals there is also a remarkable change 
with respect to their power of being oxidated and dis- 
solved in acids. In general they are more easily oxi- 
dated when in union than when pure, owing, as some sup- 
pose, to a galvanic action being excited. With respect 
to their solubility, in some instances, metals which are 
acted on by acids. with difficulty, are easily affected when 
alloyed; while others, which are easily acted on, are ena- 
bled, by their union with others, to resist, in a great mea- 
sure, their action. Thus, silver is easily dissolved by 
nitric acid, but when united with gold, it is not affected, 
unless when in large quantity ; and hence when it is ne- 
cessary to separate them, as in the methods practised for, 
procuring them, if little silver is present, the alloy must 
be fused with an additional proportion. iis 
Metallic oxids unite with each other, and form an in- 
teresting class of compounds, which, from their colour, 
are now employed in imitating the gems. This is parti- 
cularly the case with the oxids called earths, and those 
of the common metals. af ; 
Metals are found in various states, occasionally native, 
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that is, metallic, but more frequently in combination, ‘as 
with oxigen, sulphur, or acids, in which form they are 
called ores. ‘The most common natural compounds are 
those with sulphur, which are called pyrites, and it is 
from these that metals are most generally obtained. The 
process of extracting them from their ores, is called reduc- 
tion or smelting. 

Different methods are practised, depending in a great 
measure on the nature of the metal, and the substances 
with which it is combined. In general, the metallic 
compound is first separated as much as possible from the 
earthy impurities in which it is imbedded, and which is 
done by breaking the ore into fragments, and removing 
the earthy matter, the process being in some cases acce- 
lerated, by putting the coarse powder on an inclined 
plane, and allowing a stream of water to flow on it, by 
which the heavier metallic ingredients are carried to the 
bottom, the lighter stony impurities remaining above. 
When the ore contains sulphur, it is then roasted, by 
which this is driven off, and the metal united with oxi- 
gen; after this the oxid is mixed with coke, or charcoal, 
and again subjected to heat, by which the oxigen is re- 
moved, and the metal left pure, and being melted, falls 
to the bottom of the furnace, and is drawn off. When 
it is a volatile one, it is procured by sublimation. The 
particular processes followed in procuring the different me- 
tals, will be described when giving their chemical history. 


GENERAL PRopERTIES OF CoMPOUND SALTs. 


Tue salts formed by the union of the acids and bases, 
whether containing oxigen or hydrogen, have properties 
by which they are distinguished from other bodies. A 
general account of them may be useful, not only as point- 
ing out those qualities by which they are characterized, 
but as saving hereafter a great deal of useless repetition. 

When an acid is added to a salifiable base, they unite, 
frequently with the evolution of heat, and in most in- 
stances the properties of both are destroyed or neutra- 
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lized, and hence it is that the compounds formed haye 
been called Neutral Salis. = # 
That there is a change of properties, that the com- 
pound no longer possesses the qualities of its ingredients, 
is easily shewn. The distinguishing character of an acid 
is its changing the vegetable blues to red, so that, if a 
few drops of any of them, say sulphuric acid, is added. 
to the colouring matter, it is reddened. The distin- 
guishing feature of a salifiable base, when soluble, is its 
making the blue green ; hence, on adding a few drops of 
solution of soda to the same infusion, it becomes green, 
As sulphuric acid will combine with soda, if we add the 
infusion containing acid to that having the alkali, they 
unite, and the original colour returns, shewing that the 
-eompoand has no power of changing vegetable blues 5 
so that properties of the acid and alkali have been de- 
stroyed. @ 
“Many of the compound salts are soluble in water, while 
others are not acted on by it; in other words, they are 
insoluble. ‘The former, when in solution, may in general 
be made to yield crystals by slow evaporation, the crystal 
varying in different cases, not only with respect to form, 
but also to constitution; for many of them have a large 
quantity of water in chemical union with their particles, — 
while others have very little, indeed some of them are 
free from it. The water thus retained is called water of 
crystallization, and the difference in the quantity gives 
rise to particular properties. | 
Thus, when a moderate heat is applied to those con- 
taining much of it, they at first liquefy, but on the conti- | 
nuance of the heat, are again consolidated. Glauber salt, 
heated in a flask over a lamp, becomes quite limpid, like 
water, but afterwards forms a dry white cake. The flu | 
dity in this instance is owing to the salt being dissolved 
in its water of crystallization, and hence it is called wa- 
tery fusion, to distinguish it from fusion occasioned mere- 
ly by heat. 
Those salts, on the contrary, which have little water, | 
crackle when heated, and the parts are separated, and 
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scattered about. Sea salt thrown on a fire, or ona hot 
iron plate, has this effect. It is owing to the water in, 
the salt being suddenly converted to vapour, the expan- 
sive force of which separates the particles with a crack- 
ling noise; hence it is called crepitation, (crepito, to 
crackle.) 

Some of the neutral salts, when exposed to the atmo- 
sphere, absorb moisture, and become fluid. Thus, car- 
bonate of potassa, or potashes, when strewed on a sheet. 
of blotting paper, very soon exhibits signs of becoming 
moist. ‘This is called deliquescence, (deliquesco, to become 
moist. ) | 

Other salts, as carbonate of soda, or what is commonly 
called soda, when exposed to the air, lose their transpa- 
rency, and acquire a white crust on their surface, and if 
left long enough, fall into a white powder. This is owing 
to their losing their water of crystallization, which is 
taken away by theair. Itis called efflorescence, (¢ffioresco, 
to blow as a flower.) 'These changes point out the ne- 
cessity of keeping the salts excluded from the atmosphere, 
which thus alters so much their properties. 

Though some of the compound salts are soluble, and 
others insoluble in water, several are decomposed by it, 
the water uniting with the greater part of the acid, still 
retaining a little of the base; while the remainder of the 
base is precipitated, but still combined with a little of 
the acid, thus apparently converting the salt into a so- 
luble supersalt, and an insoluble subsalt. | 

Heat decomposes some of the compound salts, particu- 
larly nitrates, carbonates, sulphates, and all those con- 
taining hydr-acids; the action, however, varies in diffe- 
rent cases. When a salt, with an owi-acid, is decompos- 
ed by heat, the acid is in general expelled without being 
decomposed, leaving the base pure, though to this there 
are a few exceptions, the whole, or part of the acid, in 
some instances, communicating an additional proportion 
of oxigen to the metal, so as to bring it to a higher state 
of oxidation. The action with the salts containing hydr- 
acids is, however, different and peculiar. When any of 
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these is exposed to heat, both the acid and base are de- 
composed, the hydrogen of the one, and oxigen of the 
other, uniting to form water, and leaving the metal and 
radical of the acid in union, so that the residuum is a 
sulphuret, chloruret, or ioduret. ‘This must be consider- 
ed a general rule, and is just the converse of what has 
been already stated with regard to sulphurets, chlorurets, 
and iodurets, which, when thrown into water, become ker 
dro-sulphurets, muriates, and hydr-iodates. 

This is not, however, the case with those salts con-— 
taining ammonia, or the hydr-alkali. On the applica- 
tion of heat, there is no decomposition of this kind; for 
though the base of the alkali may have a tendency to— 
combine with that of the acid, yet there is no oxigen to 
unite with the hydrogen, and by which the decomposi-_ 
tion of the hydr-acid salts with oxidized bases is a 
fected. 4 
Some of the compound salts are decomposed by expo- 
sure to air, particularly those, the acids and bases of: 
which have a strong disposition to unite with more oxi- 
Thus hydro-sulphates gradually become sulphates, and. 
some of the carbonates combine with an additional pro- 
portion of acid. When the salt contains a metal in a low 
state of oxidation, but capable of combining with more — 
oxigen, there is in general, on exposure to air, an ab- 
sorption of this gas, by which the metal becomes peroxid, 
and part of it is deposited ; because the acid which pre. — 
viously neutralized the protoxid, is not in sufficient quan-— 
tity to keep the peroxid in solution ; for it must be borne 
in mind as a general law, that the more oxigen there is’ 
in the oxid, the more acid it requires for neutralization. 
Proto-sulphate of iron, or green vitriol, undergoes this _ 
change. 4 

Some of the simple acidifiable bodies, as phosphorus 
and carbon, decompose the salts, combining with the oxi-- 
gen, and causing the deposition of the metal in its me- 
tallic state. ~ 

By far the most important actions on compound elt 
are those accomplished by the addition of acids and sali-. 
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fable bases. When an acid is added, between which and 
the base there is a stronger attraction than that between 
the ingredients previously in union, there is an imme- 
diate decomposition ; the acid introduced combines with 
the base, and sets the other at liberty. Thus sulphuric 
acid liberates nitric and muriatic acids from nitrates and 
muriates, and almost any acid will decompose a carbo- 
nate, disengaging the carbonic acid. In some, the ac- 
tion is much more complicated ; but these particular cases 
will be afterwards noticed, when describing the salts in 
which they occur. 

The preceding remarks apply only to the addition of 
oxi-acids to salts. A much more complicated action, in 
general, ensues, when hydr-acids are employed ; because, 
owing to the powerful affinity between oxigen and hydro- 
gen, water is frequently formed, and the metal and base 
of the acid are left to enter into union. Thus, when muri- 
atic acid, or sulphuretted hydrogen, is added to some of 
the salts, as those of lead, silver, &c. there is not only the 
separation of the oxid and acid, but the hydrogen of the 
hydr-acid and oxigen of the oxid combine to form water, 
while the chlorine, or sulphur, unite with the metal, so that 
the product is a chloruret or sulphuret, the other acid re- 
maining in solution. Thesame is the case with hydr-iodic 
and hydro-cyanic acid, the precipitates formed by them 
being iodurets and cyanurets. 

Some of the compound salts are decomposed by me- 
tals, provided one be employed which has a more power- 
ful affinity for oxigen than that of the metal in solution. 
Thus iron, put into a solution of blue vitriol, or sul- 
phate of copper, unites with the oxigen of the oxid, and 
with the acid itself, to be converted into a sulphate, 
while metallic copper is deposited. ‘Though this is gene- 
rally ascribed to the superior force of attraction of the 
introduced metal for oxigen, some are inclined to think 
that the action is galvanic, and much more complicated 
than that stated. (See Galvanism. ) 

Metallic salts are decomposed by the salifiable bases, 
provided the attraction between the base added, and the 
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acid of the salt, is more powerful than that between the - 
ingredients in union, so that they unite, and the base 
is set at liberty. Thus the soluble oxids, as potassa, — 
soda, and lime, decompose almost all salts, because their 

affinity for acids is more powerful than that of the acids 

for the other bases. The newly liberated oxid will be 
either precipitated, or held in solution, according as it 

is soluble or insoluble in water. In some cases, the 

base, though precipitated, almost instantly disappears, 

being dissolved by an excess of the other. Thus po- 

tassa, which decomposes the salts of alumina, of lead, 
and zinc, if used in a large quantity, dissolves the pre- 

cipitated oxid ; but from the solution, the oxid may be 
thrown down by the cautious addition of an acid, which 

will neutralize the dissolving oxid. 

In considering the alkalifiable bodies, they may be dil 
vided into dias two classes already mentioned,—those 
uniting with-oxigen, and those uniting with hydrogen 5 
and it is the properties of the first only that are to be 
described. It is customary to arrange them in subdivi- 
sions, according to their properties; such as their action 
with heat and air, their malleability and ductility, or 
their power of being dissolved by acids. Without ats 
tempting any arrangement of this kind, their properties 
may be perhaps more distinctly stated by dividing them 
into the three classes of : 

Metals producing alkahes, 

Metals producing earths, and 

Metals producing compounds, long known by the name 7 
of metallic oxids. 

By adopting this, we still adhere to the old arrange- 
ment of alkalies, earths, and metals, and are thus, after 
detailing a few of the properties of the metals with oxi+ — 
gen, chlorine, sulphur, and some other bodies, to de- 
scribe the compounds long called neutral salts, and ee | 
earthy and metallic salts. | 

The following is the order in which the cna bodial | 
forming bases, are to be treated of : | 
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lst, Substances forming those long known by the 
name of alkalies. 


1. Potassium. 2, Sodium. 
Qd, Those forming earths. 

1. Calcium. 6. Aluminum. 

2. Barium. 4. Silicum. 

3. Stontium. 8. Glucinum. 

4. Magnesium. 9. Yttrium. 

5. Lithium. 10. Zirconium. 
3d, Those long known by the name of metals. 

1. Iron. 15. Palladium. 

2. Copper. 16. Bismuth. 

3. Lead. 17. Cobalt. 

4, ‘Tin. 18. Nickel. 

5. Zinc. 19. Cadmium. 

6. Mercury. 20. Cerium. 

7. Antimony. Q1. Uranium. 

8. Magnesia. 92. Chromium. 

9. Gold. 23. Molybdenum. 
10. Silver. 24. 'Tungsten. 
11. Platinum. 95. Tellurium. 
12. Rhodium. 26. Titanium. 
13. Iridium. 27. Columbium. 
14. Osmium. 

POTASSIUM. 


Tux substance called potassa, or vegetable alkali, was 
long considered a simple body, though many conjectures 
had been thrown out concerning its composition, and nu- 
merous attempts made to decompose it. Sir H. Davy, 
after having discovered the wonderful decomposing 
power of Galvanism, and having found that substances 
with similar properties are drawn towards the same 
pole of a galvanie trough, was led, in 1807, (Ph. Tr.) 
to try the action of galvanism on potassa, and which was 


first done with the powerful battery of the Royal Insti- 
tution of London. 
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On subjecting its solution to the galvanic action, the — 
water only was decomposed, which suggested the neces- 
sity of using the alkali in its dry or fused state, moisten- 
ing it, as by breathing on it, to make it a conductor. 
When placed on a platinum cup, connected with the ne- 
gative end of the trough, and the connecting wire from 
the positive end made to touch it, it was instantly fused 
at the points of contact, and there was at the same time 
an effervescence, and at that part where it touched the 
cup, very minute globules of a substance resembling 
mercury in appearance, were observed, some of which 
soon became covered with a white crust, while others 
burned with a slight explosion, almost the instant they — 
were formed. 

Sir H. Davy had previously established it as a gene- 
ral law, that by the action of galvanism on substances 
containing oxigen, this elastic fluid is disengaged at the 
positive wire; he therefore conjectured that it was it 
that caused the effervescence in the experiment men- 
tioned. He accordingly found, that on collecting the 
gas, it was pure oxigen. He therefore concluded, that 
potassa is a compound of it, and an inflammable body. 
In his first attempts to procure the base, he entirely 
failed, owing to its being inflamed by the action 
of air; but by covering the alkali with different fluids, 
he at last discovered, that distilled oil of petroleum, 
or naphtha, prevented the combustion; so oS he > 
was thus enabled, by subjecting the'potass to the galy 
agency under the oil, to procure a sufficient quantity of 
the inflammable matter, to enable him to ascertain a few 
of its properties, and to confirm the accuracy of his con- 
clusion, that potassa is a compound of it and oxigen. 
To the newly discovered body, he gave the name of po; 
tassium. 

By the action of galvanism on potassa, very little po- 
tassium can be obtained. Gay Lussac and Thenard have, 
however, pointed out a method (An. de Chim. Ixv.) of 
procuring it in considerable quantity, which consists in 
exposing the alkali to iron at a red heat, by which the 
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iron unites with its oxigen, and is converted to an oxid, 
while the potassium is set at liberty. 

For this purpose, some very clean shavings of iron are 
put into an iron tube, AB, previously coated with clay 
and sand, or passed through another tube of earthen ware, 
to protect it from the fire wheh brought to a white heat, 
which is done by passing it through a furnace. An iron 
bottle, C, filled with potassa, is then attached to the 
aperture A, and having a small bent tube, D, fitted to 
its upper end, and made to terminate in a glass of mer- 
cury, E. To the aperture of the barrel B, is fixed a 


copper tube, F, and again to it a copper receiver, G, 
both of which are to receive the potassium. ‘To the op- 
posite end of G, is attached a bent tube, H, terminated 
in mercury, I. When the iron shavings are fully heated, 
a cage of charcoal, K, is placed under C, to fuse the 
potassa, and make it pass into the tube, AB, where 
meeting with the iron, there is at first, owing to the de- 
composition of the water, a disengagement of hydrogen 
gas, which escapes at I. When this has begun, the 
chauffer, K, must be removed, and not again applied till 
the gas nearly ceases to come off. On repeating the pro- 
cess in this way, there is, each time the chauffer is re- 
placed, a disengagement of hydrogen, but at the same 
time the potassa is also undergoing decomposition, and 
coming off in vapour, is condensed in the tubes, FG, 
which all the time must be kept cool. Should the dis- 
engagement of gas at I cease, and gas come out at EK, 
it is owing to the potassium shutting up G; but this is 
easily removed by holding a chauffer under it, and driv- 
ing it over into I. When the operation is finished, and the 
apparatus sufficiently cooled, the tubes FG, are to be re- 
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moved, and naphtha poured through them, after which — 
the potassium may be taken out, and instantly placed | 
into a phial with naphtha. If any potassium should be | 
lodged in the end of the tube, B, it must be plugged up, : 
and when the furnace is cold, it may be got out by first 
dipping the tube into naphtha, and then removing it with - 
a wire. 

The preparation of potassium is attended with great 
difficulty, and even when it succeeds, very little of it is 
procured at a time, and hence the enormous expense of it. 

Other methods have also been recommended, by which — 
potassium may be procured much more easily, and in 
larger quantity, but by no means so pure. By far the 
best of these, is that recommended by Brunner, and im- 
proved by Wohler. It consists in decomposing a salt of 
potass, as the carbonate by charcoal, in an iron bottle, to 
which a tube is attached, and made to terminate in naph- 
tha. In this-instance, the carbon deprives the alkali of 
its oxigen, and comes off in the state of carbonic oxid, 
bringing the potassium along with it, which is condensed 
in the cool naphtha. For the particulars of the process, 
See London Quarterly Journal, No. xliii. 

Potassium has, when recently prepared, the lustre of a 
metal. It is soft, and can be easily cut, and it then pre- 
sents the appearance of a piece of newly cut lead. 
Though resembling metals, it differs from them materi- 
ally in its specific gravity, being much lighter than water. — 
Gay Lussac and Thenard make it only 865, and Bu- 
cholz 8'76, water being 1000. Its atomic weight, accord- 
ing to Thomson, is 50. It is a good conductor of heat 
and of electricity. When heated to 70, it becomes semi-_ 
fluid, and about 150 it is quite liquid, and cannot then — 
be distinguished from mercury. Though thus easily 
fused, it requires nearly a red heat for its volatilization ; 
and if the experiment be performed i in close vessels, the 
vapour is condensed, unchanged in its qualities. . 

When potassium is Peat to the air, it rapidly ac-_ 
quires a crust on its surface, owing to its uniting with — 
oxigen gas, but in this way it is not completely oxidized, 
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because the crust formed prevents the farther union of 
the part beneath it with oxigen. 

By heating it in air, and more particularly in oxigen gas, 
it burns with considerable splendour, and in the last in- 
stance, a yellowish matter is formed, which, according to 
Gay Lussac and Thenard, is a peroxid, which is easily de- 
composed by water, which drives off part of the oxigen, 
and leaves the potassium, still retaining so much as to 
convert it to potassa. When heated in hydrogen, there 
is combustion, owing to the union of the hydrogen with 
the excess of oxigen. When heated with carbon, sul- 
phur, or phosphorus, carbonic, sulphuric, or phosphoric 
acid is formed, which then enters into union with the po- 
tassa, and generates a carbonate, sulphate, or phosphate. 

The action of potassium and water is remarkable, and 
presents very striking phenomena. The moment it is 
touched by it, it takes fire, and burns with a bright 
red flame. If it be thrown on the surface of a basin of it, 
it is also kindled, and runs along like a red-hot ball, and 
there is a slight report when the flame is extinguished. 
Potassium is even kindled though the water is frozen, for 
if a small piece of it be thrown on ice, it is inflamed, and 
makes a cavity, as if the ice were touched by a red-hot 
wire. In all of these experiments, there is a decomposi- 
tion of the water, the potassium uniting with the oxigen, 
to generate potassa, and setting free the hydrogen, which, 
escaping in the gaseous state, unites with a little of the 
potassium, and forms an inflammable compound, which 
is the cause of the particular appearance of the flame. 
That there is a decomposition and evolution of hydro- 
gen, is shewn by inclosing a small piece of potassium in 
wire gauze, and thrusting it, by means of pincers, quickly 
under water, and holding a funneled tube over it; a 
gas rises which is inflammable, and when exploded with 
oxigen, generates water. That potassa is formed can be 
proved, for if cabbage infusion, instead of water, be em- 
ployed, it becomes green, which, as will be afterwards 


particularly mentioned, is a distinguishing feature of the 
alkalies. 3 ” 
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These, and the other experiments already mentioned, 
show the necessity of having potassium’ excluded from 
air and moisture, and the care that must be taken, when 
experimenting with it, not to allow it to be touched by 
water. The best means of preserving it is to keep it in 
naphtha. it 

It is from the ease also with which it acts on water, 
that it is used for detecting it in other fluids. If, for 
instance, any of the expensive oils should be adul- 
terated with it, it will easily indicate when this is the 
case. 
By ascertaining the volume of hydrogen evolved by 
plunging potassium under water, we have an easy me- 
thod of finding with how much it unites to generate pot- 
assa, as it must be exactly half that of the disengaged 
gas. According to Gay Lussac and Thenard, 100 gr. 
evolve 116.38 cubic inches, consequently, they must 
have combined with the half of this, 58.19 inches of 
oxigen, which weigh 19.72 gr. so that potassa 1s compos- 
ed of ae 

potassium, 100. 
oxigen, 19.72 
According to Berzelius, the proportions are 100 to 20.45, 
the mean of these is 20.08. So that, considering the 
atomic weight of potassium as 50, potassa must be a 
compound of 
1 atom potassium, 50 Jt 
1 atom oxigen, 10 7 
and its atomic weight, 60 ¢ 

The properties of potassium will be afterwards de- 

scribed. } 


HypRURET. 


Potassium unites with hydrogen, and forms a com- 
pound called hydruret of potassium. When it is heated, 
by means of a spirit lamp, in the gas confined over 
mercury, it disappears, and a gaseous compound ‘is 
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formed, which, when heated in air, burns with a red 
flame, and potassa and water are the products. It is 
this that is the cause of the peculiar appearance of the 
flame of potassium when thrown on water, a little hy- 
druret being formed, which is kindled by the inflamma- 
tion of the metal. 

Phosphuret.—Phosphorus unites with potassium. When 
they are heated slightly under naphtha, they form a phos- 
phuret, which, when thrown into water, gives off phos- 
phuretted hydrogen, the oxigen uniting with the base ; 
so that potassa is formed. 

Sulphuret of potassium may also be obtained in the 
same way. It is of a greyish colour, and, like many 
other sulphurets, is decomposed by water, forming sul- 
phuretted hydrogen and potassa, which unite and ge- 
nerate a salt. The sulphuret may also be procured by 
the decomposition of the compound of potassa and sul- 
phuric acid, by means of charcoal at a red heat, the car- 
bon depriving both the acid and alkali of the oxigen, and 
leaving the sulphur and potassium to unite. (See Sul- 
phate of Potassa.) 

Chloruret.—Chlorine acts very easily with potassium. 
The chloruret may be formed by putting a piece of po- 
tassium in a suspended dish into a bottle of the gas, by 
which there is immediate inflammation and formation of 
the compound. It is white, like the other compounds al- 
ready mentioned, and, like them also, is decomposed by 
water, the hydrogen uniting with the chlorine, and the 
oxigen with the potassium, so that muriate of potassa is 
the product. ; 

The chloruret is, according to Davy, composed of 

1 atom of chlorine,’ -.> ~. -45 
1 atom of otha Sg =o 50 
its atomic weight being 95 

Chloruret of potassium may also be formed by putting 
potassium into muriatic acid, by which the hydrogen is 
evolved, and the potassium and chlorine unite. “It may 
likewise be obtained by exposing to heat muriate of pot- 
assa. (See Muriate of Potassa. ) 
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Ioduret.—Iodine also unites with potassium. The union _ 
may be effected by heating them together in a glass tube, — 
by which ioduretisformed ; and which, like other iodurets, — 
is decomposed by water, and converted into hydriodate.._ 

When potassium is thrown on sulphuric or nitric acid, 
it is inflamed as when touched by water ; indeed, it is by 
the water in the acid that the combustion is produced. 

The only use to which potassium is applied, is as a 
test of oxigen, as already explained, and as a powerful 
means of analysis, for which, from its strong affinity for 
oxigen, it is well adapted. 


SODIUM. 


Arrer Davy had discovered the compound nature of 
potassa, he was naturally led to try if the alkali common- 
ly called soda was similarly constituted. By subjecting 
it to the action of a galvanic battery, the same phenome. 
na were presented,—oxigen gas being given off at one 
wire, and metallic-looking matter being disengaged at, 
that part of the alkali in contact with the platinum cup. 
He therefore concluded that it contained oxigen and an 
inflammable base, to which he gave the name of Sodiwm. 

Sodium, in many of its properties, resembles potassium. 
Its lustre and consistence are nearly the same, but its 
specific gravity is rather higher; it is 972 water, being 
1000. Its atomic weight is 30. It requires a higher 
temperature for.its fusion, not becoming fluid till heat- 
ed to 194. It is also less volatile. 3 i 

When exposed to the air it acquires a crust on its sur- 
face, and when heated in it, it burns, though with a less 
bright flame, and requiring a higher temperature for its 
combustion, than potassium. When heated in oxigen, 
it forms a peroxid, analogous in its properties to peroxid 
of potassium. . ae 

The action between sodium and water is by no means 
so remarkable as with potassium; the water is decompos- 
ed, but there is no combustion, and a compound of so- 
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dium and oxigen, called soda, is left in solution. The 
composition of this is found in the same way as that of 
potassa, by ascertaining the quantity of hydrogen disen- 
gaged. According to Davy it is 

sodium, 100. 

oxigen, 33.33 
with which the results of others very nearly agree. And as 

100 : 33.33 :: 30: 10; 

30 that it is a compound of 


1 atom of sodium, ~- 30 
1 atom of oxigen, 10 
its atomic weight being 40 


The properties of soda will be afterwards described. 

Sodium, at a natural temperature, does not unite with 
hydrogen,—but at a red heat it can be made to combine 
with it, and form an inflammable gas. 

Sodium unites with phosphorus, sulphur, chlorine, and 
iodine, the compounds being formed in the same way as 
those of potassium, and having the same properties, par- 
ticularly with regard to water, being all decomposed by 
it, and converted into salts with hydr-acids, with the 
exception of the phosphuret, in which case the phosphu- 
retted hydrogen is disengaged, and the soda is left in so- 
lution. 

The only compound of any interest is the chloruret, 
which, during its decomposition by water, becomes the 
well-known substance sea salt, or muriate of soda. It is 
composed of an atom of each of its ingredients ; that is, 

chlorine, 4S 
sodium, 30 


and hence its atomic weight is 75 


The other substance generating an alkali, is nitrogen, 
the properties of which have been already so far detailed. 
By its union with hydrogen it forms a salifiable base, 
called ammonia, which will be afterwards described. 

Aa 


SECTION VII. 


ALKALIES. 


my 


Tur compounds formed by the union of potassium and 
sodium with oxigen, have been long known by the name | 
of alkalies ; and they have properties by which they are 
distinguished from other bodies. They are soluble’ in 
water; and their solutions have the power of changing 
the vegetable blues to green, as is shown by the addi-. 
tion of a few drops to cabbage infusion. ~ Some of the. 
yellow infusions, as that of turmeric, becomes brown. 
Litmus, which is so delicate a test of the presence of an | 
acid, is not rendered green by alkalies, but is changed 
to blue; by which, however, as it 1s itself purple, it an-| 
swers well as a delicate test; and the best mode of using’ 
it is to have it spread on paper, which, when immersed 
in an alkaline solution, becomes blue. 4 

The oxids of potassium and sodium unite also with the) 
acids, and form a distinct class of compounds, long known. 
by the name of neutral salts. | 4% | 

In addition to the alkalies already mentioned, there is_ 
another, similar in its properties, but altogether different | 
in its composition ; it is ammonia, a compound of nitrogen 
and hydrogen. ‘Though there can be no doubt with re- 
spect to the place it should hold among the salifiable ) 


bases, yet, considering the difference in its composition, | 


a 
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it ought not, if we wish to bring substances similarly 
constituted into the same class, to be brought in with 
the other alkalies. Nor is it one the compounds of 
which are in every respect the same as those of potassa 
and soda; butas there is a great similarity between them, 
I have thought proper to consider it along with them, 
though, had I adhered strictly to the arrangement laid 
‘down, I ought first to have given the properties of the 
oxidized bases, and afterwards those of ammonia, as being 
one with hydrogen. The utility of deviating from this, 
will, I think, be apparent. : 

_ The substances to-be considered, then, under this head, 
are potassa, soda, and ammonia. 


PorTassA. 


Porassa, called also vegetable alkali, as generally 
obtained, is in the form of small cylinders, owing 
to the figure of the mould in which it is poured when 
fluid. It is sometimes, also, in small thin plates, 
having been thrown, when liquid, on a flat table of 
metal. It is occasionally also, though rarely, got 
crystallized, the crystals being tetrahedrons or octohe- 
drons, and which contain a large quantity of water. It 
has a strong disagreeable taste, and is very corrosive; 
When exposed to heat, it is fused at about 360, and wa- 
ter is expelled. The whole is not, however, driven off, 
as has been proved by the experiments of Darcet,. who 
concluded, that even after fusion it contains at least 27 
per cent. . 

The experiments of other chemists, however, have 
shewn that this is overrated. It is now allowed to be 
about 16 per cent.; and as 16: 84:: 11.25 : 59, so near- 
ly 60, that it may be considered a compound of an atom 
of potass and of water. It is therefore a hydrate of pot- 
assa. When exposed to the air, it rapidly attracts mois- 
ture, and becomes fluid; at the same time, however, it 
absorbs carbonic acid, so that its properties are complete- 
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ly changed, and hence the necessity of Pere oo it in “a : 
stopped phials. | 

Potassa is very soluble in water, requiring only about | 
half its weight to dissolve it, and during the solution — 
heat is emitted, shewing evidently that there is a consis 
derable condensation, otherwise there must have been a 
generation of cold, owing to the change of form. The 
solution is transparent and colourless, and changes vege- 
ble blues to green, or turmeric infusion to brown. By 
évaporation the potassa can be obtained in its solid form, 
but not free from water. It has been already mentioned, 
that even when fused, it still contains 16 per cent. The 
evaporation of the solution, with the view of procuring 
the alkali, must be conducted in metallic vessels, such as 
those of silver or iron, and they should have a cover, with 
a small aperture to allow the escape of vapour, but pre- 
vent the admission of air, and the consequent absorption 
of carbonic acid, by which the alkali would be destroyed: 

The action of potassa with some of the substances 
already described, as with phosphorus, sulphur, chlerine, 
iodine, is important, as by it very interesting compounds 
are formed ; besides, the action itself is peculiar, and has 
given rise to a very important general rule. 

When phosphorus is heated with potassa, or when it 
is brought in contact with it in an incandescent tube, 
there is an immediate action, and a substance is formed, 
which, when thrown into water, gives off phosphuretted 
hydrogen gas. When the potassa in solution is boiled 
on phosphorus, phosphuretted hydrogen is also evolved, 
the oxigen uniting with part of the phosphorus, to form 
phosphoric acid, which remains in the retort, incombina- 
tion with the potassa, the hydrogen combining with the 
remainder of the inflammable, to generate the gas which 
is disengaged. Hence a method of procuring phosphu- 
retted hydrogen; but it is not so good as that in which 
lime is used, the gas coming off more easily with the latter. 

‘The appearance of the product of the action of potassa 
with sulphur, varies according to the proportions ana 
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ed in its preparation, and different opinions are enter- 
tained with respect to its nature. When 1 of sulphur 
and 8 of potass are mixed, the product becomes warm, 
and acquires a greenish colour, and a similar substance 
is formed, when 2 of sulphur and 1 of potass are heated. 
in a covered crucible. These have by some been consi- 
dered sulphurets of potassa, while, according to others, 
they are compounds of the alkali with acids of sulphur, 
the water always existing in the potassa having under- 
gone decomposition, giving oxigen and hydrogen to the 
sulphur to form sulphuric acid and super-sulphuretted 
hydrogen, both of which are left in union with the alkali. 
This opinion seems confirmed by the fact, that when a 
base similar in its properties to potass, but which can be 
got free from water, is treated in the same way, there is no 
action between it and the sulphur ; but if water is added, 
a compound resembling that with potassa is formed. 
Besides, if we consider the above as the action, it is simi- 
lar to that between potassa and phosphorus 5 and reason- 
ing from analogy, we should expect them to be the same, 
for phosphorus and sulphur belong to the same class. 
The product of the action of sulphur and potassa will 
be afterwards described. (See Sulphuretted Hydro-Sul- 
phuret of Potassa. ) 

Similar actions take place with chlorine and iodine. 
When the solution of potass has a stream of the former 
passed through it, or is heated with the powder of the 
latter, there is a decomposition of the water, the oxigen 
uniting with part of the chlorine or iodine, to form chlo- 
ric or iodic acid, and the hydrogen with the remainder, 

to generate hydro-chloric, (muriatic,) or hydriodic acid, 
both of which are left in union with the alkali, forming 
two different salts, chlorates or iodates, and hydro-chlo- 
rates, (muriates,) or hydriodates, and hence a method of 
‘forming some of these compounds, particularly chlorates 
and iodates. (See Chlorate and Iodate of Potass. ) 
_ From what has now been said of the action of metals 
and their oxids with the simple bodies just mentioned, two 
very important general laws may be deduced : 1. When 
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water is decomposed by phosphorus, sulphur, chloririe, 
iodine, and a metal, that is, by phosphurets, sulphurets, 
chlorurets, and iodurets, the oxigen unites with the me- 
tal, the hydrogen with the other body. 2. When water 
is decomposed by phosphorus, sulphur, chlorine, iodine, — 
and a metallic oxid, both the oxigen and hydrogen unite 
with the phosphorus, sulphur, chlorine, or iodine. 7 
In the first instance, with the exception of phosphu- 
rets, we have hydr-acid salts formed, as hydro-sulphurets, 
hydro-chlorates, and hydriodates. In the latter also, 
with the exception of phosphorus, there are both oxi- 
acid and hydr-acid salts generated. In the case of phos- 
phorus, the compound of it and hydrogen not being an_ 
acid, it does not unite with the alkali, but this does not 
in the least affect the general rules, in so far as the action 
on the water and the other bodies is concerned. - 
By the union of potassa with the acids already describ- 
ed, a class-of- compounds called neutral salts is formed, 
the properties of which will be afterwards given. 
Potassa is no where found in its pure state. It exists, 
however, in many minerals, combined with other bodies, 
and also in vegetables, from which it is generally procur- 
ed by burning them, and dissolving the ashes. As thus 
obtained, however, it is in the state of carbonate, from 
which the carbonic acid is removed by lime. (See Car- 
bonate of Potassa and Lime.) f 
Potassa, owing to its powerful affinity for water, is 
employed for rendering gases dry, for which purpose the 
gas, confined over mercury, has a few pieces of alkali 
put into it, where it is allowed to remain for some hours. 
Tn solution, potassa is used in soap-making, in bleaching, 
and in the manufacture of glass, (See Oils, Lime, Silica.) 
Sopa. : a 
hy : 
Sopa, or the mineral alkali, as it is sometimes called, 
was long mistaken for potassa. Duhamel, in 1736, first 
pointed out the difference between them, which is not so 
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much in the properties of the alkalies themselves, as in 
those of their compounds. | 

In its appearance, taste, action with air and with wa- 
ter, it is similar to potassa. When fused, it contains about 
224 per cent. of water, or an atom of water and of alkali. 

The action of phosphorus, sulphur, chlorine, and 
iodine, with soda, is the same as with potassa, the water 
undergoing decomposition, giving both of its ingredients 
to the phosphorus, sulphur, chlorine, and iodine, and in 
the last three cases forming acids which combine with 
the soda. 

Soda, by its union with the acids, forms salts, and it 
is in the properties of these that the distinction between 
it and potassa is observed. 

Soda is not found in its native state. It exists in com- 
bination in some minerals ; but by far its most produc- 
tive source is sea salt, in which it exists in union with 
muriatic acid. In rock salt also it is in a similar state 
of combination, and from both of these it is procured. 
(See Sea Salt, Kelp, Barilla.) 

Soda is used for the same purposes as potass ; indeed 
it is in general preferred, particularly in soap-making. 


AMMONIA. 


The two alkalies already described are compounds of 
metallic bases and oxigen, but ammonia is altogether 
different in its composition, being, as will be immediate- 
ly proved, a compound of hydrogen and nitrogen, | 

Ammonia, volatile alkali, or hartshorn, is distinguish- 
ed from the preceding by its volatility ; indeed, at a na- 
tural temperature, when pure, it is always in the gase- 
ous form. Though the alchemists were acquainted with 
it in a state of solution, it was not discovered in the form 

_ of gas till the time of Priestley, who gave it the name of 
alkaline air. ) 

It is a transparent and colourless gas, possessing the 
usual mechanical properties of aecriform fluids. It has 
a pungent irritating odour. Its sp. gr. according to the 
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experiments of Gay Lussac, is 596; and 100 cubic inches — 
weigh 18.17 gr. It is unfit for the support of respi- 
ration and combustion. When subjected to strong pres- 
sure, or to a cold of —56, it lays aside the gaseous form, — 
and becomes a colourless fluid, which evaporates at 60; 
even though kept under the pressure by ied it was 
condensed. 

When subjected to a high temperature, it is dephadl 
posed, and resolved into its component parts, hydrogen 
and nitrogen. ‘This is easily effected by putting the so- 
lution of the alkali in water, into a retort, (Cut, p. 138.) 
to which an earthenware tube is attached, and passed 
through a chauffer to bring it to a red heat, the opposite _ 
end of the tube being made to terminate in a water 
trough. On applying a slight heat to the retort, the 
ammonia is expelled, and passing through the tube, it 
gives off a gaseous matter, which may be collected in 
the jar. It is evident that this is not the watery vapour 
from the solution, otherwise it would have been condens- 
ed the moment it came in contact with the fluid in the 
trough. That it contains hydrogen, is shewn by its in- 
flammability, and during its combustion generating wa- 
ter. Or if it be mixed with oxigen, and an electric 
spark passed through it, it explodes, water is formed, 
and a gas is left which does not support combustion, and 
does not render lime-water turbid, and is ‘therefore ni- 
trogen. 

Ammonia is also resolved into its component parts by 
means of electricity. When the gas is put into a tube 
over mercury, and electric sparks are for some time pass- 
ed through it, it gradually enlarges, till at last it be- 
comes of double its original bulk, after which there is no 
farther enlargement. On firing the product with oxigen 
by elasticity, '3 ? are found to be hydrogen, the remain- 
ing 1 nitrogen. It has been proved also by Henry, 
that if ammonia gas be fired repeatedly with small quan-— 
tities of oxigen, water and nitrogen are the result. 

It has been attempted, but without success, to — 
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cause hydrogen and nitrogen to unite to form am- 
monia, so as to prove its composition synthetically. 
If, however, they be presented to each other, when 
one or both is nascent, ammonia is formed, as has 
been proved by the experiments of Dr Austin. He 
found that, when a jar of nitrogen was kept over 
mercury, having moistened iron filings on its surface, 
ammonia was formed, the oxigen of the fluid having 
combined with iron, and set free hydrogen, which must, 
when nascent, have united with the nitrogen. Again, if 
tin be put into much diluted nitric acid, it takes oxigen 
both from the acid and water, so that there is a gra- 
dual disengagement of hydrogen from the latter, and 
of nitrogen from the former, which uniting, generate 
ammonia, but as it is left in union with part of the acid, 
it is necessary to add lime, by which it is liberated, evine- 
ing itself by its smell. All of these experiments prove that 
hydrogen and nitrogen are its ingredients, and the de- 
composition by electricity, shews that it contains 1 of 
nitrogen, and 8 of hydrogen, condensed into 2. If so, 
the proportions by weight must be 

| sp. gr. of hyd. x 3 = 208 + sp. gr. of nitr. 972 3; 

and as 972: 208: : 17.5: 3.71, 
and 3.71 = 1.23; 


so that we may consider it a compound of 
1 atom of nitrogen, 17.5 
3 atoms of hydrogen, 3.75 


Soe 


its atomic weight being 21.25 
Its compositions may also be stated to be 


Vols. Vols. 


u | condensed into 2; 


nitrogen, 
hydrogen, 
and if so, its specific gravity must be 


972 + (69 x 3) __ 590 
2 | 3 


the number given by Thomson. 7 
After Davy had discovered the compound nature of 
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potassa and soda, he was led by analogy to infer, that, — 
like them, ammonia might contain a metallic substance 
as one of its ingredients. It was found that when mer- 
cury, in contact with ammonia, was subjected to the in- 
fluence of galvanism, it enlarged, and became of a thick- 
ish consistence, but it still retained its metallic lustre ; 
and the same results were obtained by using an ammo- 
niacal salt instead of the pure alkali. When also potas- 
sium and mercury were placed on a salt of ammonia, and. 
touched with water, similar appearances were presented, 
the mercury becoming several times its original volume, 
and of the consistence of butter. These changes are the 
same as those effected on mercury by another metal, and 
hence it was supposed that it had acquired a metallic 
matter from the ammonia. When the amalgam was eXx- 
posed to air, or put into water, ammonia was produced, 
in the former instance oxigen being absorbed, and in the 
latter hydrogen disenga sbi the metallic base supposed 
to be in union with the mercury, having, it was imagin- 
ed, united with oxigen, either from the air or from the 
water, to produce the alkali. These experiments have — 
induced some to imagine that ammonia is a compound of 
a metallic base and oxigen, and therefore similar in its 
constitution to potassa and soda; but Gay Lussac and 
Thenard have given a different view of the subject. 
They suppose that the amalgam is a compound of mer- 
cury, ammonia, and hydrogen, the last derived from the 
decomposition of the water with which the salt is touch- 
ed to cause the action to go on; hence, when exposed to — 
air, or put into water, there is the evolution of ammonia 
and of hydrogen, the ammonia in the latter case being 
left in union with the fluid. 

Though chemists are as yet undecided with respect to 
the nature of the amalgam, there can be no doubt, from _ 
what has been already said, that ammonia is composed — 


of hydrogen and of nitrogen ; so that, if it does contain a’ ¥ 
metallic base, it must exist as an ingredient of one or 

both of these; but all attempts to procure it in its sepa- aq 4 
rate state have failed. 4 : 


, 


a 
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~ Ammonia has a powerful affinity for water, being ab- 
sorbed by it with great avidity. If, for instance, the 
stopper of a tall bottle full of it be withdrawn under 
water, the fluid is thrown up with great rapidity, or if a 
few drops of water be admitted into a jar of it, standing 
over mercury, there is an immediate absorption, and the 
- fluid thus becomes saturated with the gas. The solution 
formed is transparent and colourless, has a sharp pun- 
gent taste, and is very stimulant to the animal frame. It 
has the odour of the gas, and changes vegetable blues to 
green. Hence, if, in the experiments just mentioned, 
cabbage infusion, instead of pure water, be employed, the 
fluid, as it flows into the bottle, becomes green. 

At 50, according to Davy, water takes up 670 times its 
bulk of gas, the sp. gr. becoming 875, while, according 
to Thomson, the quantity absorbed is not less than 780. 
The solution congeals at —58, and by the application of 
heat, gives off the whole of its gas, and hence a method 
of procuring it, though it is not one that is much prac- 
tised, as it comes off loaded with moisture. If itis wish- 
ed to prepare it in this way, all that is necessary is to put 
a little of the solution into a retort, apply the heat of 
a spirit lamp, and collect the gas over mercury. If, 
after procuring it, it is required free from moisture, we 
have merely to put in a few pieces of potassa or lime, 
and leave them for some time. 

The solution of ammonia also loses its alkali by expo- 
sure to air, the greater part of it flying off, and hence 
the necessity of keeping it in well-stopped phials. 

Ammonia is peculiar in its actions with some of the 
simple bodies already described. When, for instance, a 
bottle of chlorine gas is placed on one full of ammonia, 
there is an immediate condensation, accompanied with the 
evolution of heat and light, and the formation of a white 
powder, a compound of ammonia and muriatic acid. 
In this instance, there is a decomposition of part of the 
ammonia, the hydrogen of which unites with the chlo- 
rine to form muriatic acid, setting the nitrogen at liberty. 
The acid thus formed then enters into union with the re- 
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mainder of the alkali, and produces the salt called muri- 
ate of ammonia. The proper proportions for the experi< 
ment are, 1 of ammonia to 3 of chlorine. With the aque: 
ous solution of ammonia, however, the action is different: 
When chlorine is exposed to it, the whole of the alka. 
li is decomposed, both of its ingredients uniting with 
it, forming muriatic acid and chlorid of nitrogen, and 
hence a method of preparing the latter, though it is sel. 
dom practised, a solution of an ammoniacal salt answering 
better. (See p. 262.) 

The action with iodine is exactly the same, when a 
little of it is thrown into solution of ammonia, iodid of 
nitrogen is produced, and hence the method by which 
this is prepared. (See p. 272.) 

Ammonia unites with the acids, and forms neutral salts, 
with the exception of those having carbonic acid, the com- 
pounds with it still retaining alkaline properties. 

Ammonia is not found any where in a state of purity. 
It has been detected in some varieties of lava, and also 
in basaltic rock, from which it may be procured by dis- 
tillation. Ammonia, or rather the compounds into which 
it enters, are generally attained by the decomposition of 
animal matter, which, besides it elements hydrogen and 
nitrogen, contains also carbon and oxigen. ‘This is done 
merely by subjecting it to a strong heat in retorts, by 
which the hydrogen and nitrogen unite to form ammo- 
nia, while the hydrogen and oxigen, and oxigen and car- 
bon, form water and carbonic acid, and by causing the 
ammoniacal gas, as it comes off, to meet with acid va-_ 
pours, they unite and form compound salts, and it is by 
the decomposition of these, chiefly by lime, that ammo- 
nia in a state of purity is procured. (See Muriate of Am- — 
monia and Lime. ) 

Ammonia is used in medicine, in the state of solution ; a 
internally as a stimulant, externally either alone or 
union with oils, as a rubefacient. It is administered. 
also in the gaseous form, in cases of syncope, as a stimu~ 
lant to the olfactory nerves. 
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ALKALINE SALTS. 


NITRATES. 


Nitrate of Potassa. 


WNourrare or Porassa, commonly called nitre or sali- 
petre, is generally obtained in the form of six-sided pris- 
matic crystals, terminated by six-sided pyramids, but it 
is occasionally in dodecahedrons, or two six-sided pyra- 
mids, joined by their bases, the specific gravity of which 
is 1933. 

Different statements have been given of its composi- 
tion, but later experimenters agree that it is composed 
of about 

nitric acid, 53.5 

potassa, 46.5 
So that it does not contain any water of crystallization, 
though there is occasionally a little present, but this is 
extraneous, and must be considered as merely blended 
with the particles, having been taken along with them 
during their deposition from solution. 

Now as 53.5 : 46.5 : : 67.5 : 58.6 
so nearly 60, that we may consider it composed of 
| 1 atom acid, 67.5 
1 atom potassa, 60. 


its atomic weight being 127.5 
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Nitre is easily fused by heat; and becomes a transpa- | 
rent limpid fluid; which, if the high temperature be con- — 
tinued, gives off a gaseous substance, composed of oxigen | 
and nitrogen, but with the former in largest proportion ; | 
indeed, so much so, that it may be used for many of the | 
purposes to which oxigen gas is applied. An ounce of 
salt yields from 700 to 800 cubicinches. ‘There remains — 
in the crucible the potassa, but with deficiency of acid, 
so that the elastic fluid is formed by the decomposition 
of part of it. q 

Nitre is soluble in water, requiring about 7 parts at 
60, but at a boiling heat only its own weight, for solu-— 
tion; and from this, asthe temperature falls, crystals 
may be obtained. During the solution there is a genera-_ 
tion of cold; and hence the frequent use of nitre, parti- 
cularly in India, for reducing the temperature of bodies, — 
as wine,—and in the preparation of ice, as in cooling the 
water which is to be exposed during evening, in the po- 
rous earthenware dishes. a 

Nitre acts very powerfully with inflammables, hi acs { 
tion being peculiar, and attended with particular pheno- : 
mena. When charcoal, or sulphur, is thrown into it, | 
previously melted in a crucible, it burns with great splen- _ 
dour, accompanied occasionally with slight explosions. | 
This is called deflagration. The rapidity of the com- 
bustion depends on the ease with which the nitre parts” | 
with its oxigen to the inflammable; of course, the pro- 
duct differs according to the substance presented to it; 
but in all, the inflammable is acidified, by its uniting | 
with the oxigen of the nitric acid, which is thus destroy- 
ed, while that acid formed is left in combination with — 
the potassa. Thus, when pieces of charcoal are thrown — 
into melted nitre, the latter is converted to carbonate of — 
potass, or if sulphur be employed, sulphate of potassa is — 
the product. When nitre is more intimately blended wit 
the inflammables, the combustion is more rapid, and, if 
effected in a close vessel, is accompanied with explosion, — : 
the loudness of which depends on the quantity of the i 


ue 
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mixture, and the vessel in which it is exploded. From 
this property of nitre, it is employed in the preparation 
of signal-lights and matches, and it is also one of the in- 
gredients of gunpowder. 

The discoverer of gunpowder is not known. It is men- 
tioned in the works of an author who wrote in the latter 
‘part of the 13th century, and it appears to have been 
used in the beginning of the 14th by Epwarp III. in 

his first attack against the Scots in 1327. It was also 
employed at the siege of Calais in 1846. 

The materials used in its preparation are, nitre, char- 
coal, and sulphur, the proportions of which vary in dif- 
ferent places. In general, they are about 75 of nitre, 15 
of sulphur, and 10 of charcoal. ‘These must be all quite 
pure, otherwise the strength of the powder is diminish- 
ed; accordingly, the nitre is always purified by solution 
and crystallization. For this purpose, it is dissolved in 
boiling water, and poured into large copper vessels, in 
which it deposits crystals. These are again dissolved 
and crystallized, and even in some cases the process is 
repeated a third time, by which the whole of the impu- 
rities are removed, and which impart to it deliquescent 
properties, or the power of absorbing moisture from air. 
After this, it is fused in iron pots, so as to drive off any 
adhering moisture. ‘The sulphur employed is generally 
that brought from Italy and Sicily. It is also puri- 
fied, by fusing it, and allowing it to cool gradually, 
by which the earthy impurities fall to the bottom.. 
From this, when solid, it is removed, and sometimes 

again submitted to a similar process. The charcoal is 
prepared by subjecting wood to a strong heat in cast-iron 
cylinders, in which it remains till it becomes cold, and 
it is in general kept in boxes till required. The lighter 
woods are usually preferred, such as alder and dog- 
wood, and they are always freed of the bark before being 
charred. — 

_ The ingredients are first ground to powder separately, 


and then mixed in the proportions mentioned, after which 
o VOL. I. B b Y 
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they are more intimately blended, by means of iromroll- | 
ers, the mixture being kept constantly moist, to prevent — 


explosion, and the quantity not exceeding about 50 pounds 
under each roller. After the materials are properly in- 


corporated, the mixture is subjected to the process of corn= _ 


ing, by which it is reduced to grains. This is done by 
pressing the paste into small pieces, which are placed in 
circular boxes, with parchment bottoms, perforated with 


holes of different sizes, according to the required size of — 


the grains, and in which, also, there is a block of hard 
wood. These are connected with a wheel, by which they 


are moved in a horizontal direction, and, by the action of — 
the block, the paste is reduced to grains, and passes — 


through into boxes placed beneath for their reception. 
After this they are glazed, by putting them into barrels, 


revolved by machinery, in which, by the constant friction _ 
against each other, their surface is hardened, and they — 
acquire a fine gloss, which, though it diminishes a little 

the strength of the powder, yet renders it less liable to 


be injured by moisture. The next part of the process 1s 


the drying, which is done in different ways in different 


manufactories. In general, the powder is placed on 
shelves, in a small brick house, through which there 
passes the vent of a furnace, or into which a cylinder of 
iron projects, kept constantly red hot by means of a 
fire without the building. A method of drying gun- 
powder by steam has been lately practised, in which 
there is no danger whatever, as the temperature in this 
way cannot go beyond 212, (See page 81.); but it is 
said not to dry it so uniformly as the other, and is there- 
fore not much practised. It consists merely in placing 
the powder on boxes, kept constantly full of steam, the 
condensed vapour escaping from the box, by a tube ter- 


minating without the building. After the whole of the | 
moisture is expelled, the powder is put into casks, keep- 


ing it as much as possible excluded from the air, parti- 


cularly if moist, for when much exposed, it absorbs mois- _ 


ture; and as the nitre is the only soluble ingredient, a 


ee 
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part of it is thus apt to be removed, by which the oe 
is destroyed. 

In the preparation of gunpowder, the more minutely 
the materials are ground, and the more intimately they 


are mixed, the greater is the explosive power of the pow- 


der. ‘The strength also depends in a great measure on 
the drying ; for when too much heat has been applied, 
part of the sulphur is driven off; besides, a hard crust 
is formed on the surface, which prevents the moisture 
escaping from the inner parts. When well prepared, the 
powder, when exploded on a piece of paper, ought to 
leave little or no residuum, the whole of the ingredients 
entering into a new state of combination, and generating 
products, which are given off in the form of gas. If any 
particles remain on the paper, it shews either that the 
ingredients have not been pure, or not in proper pro- 
portion. 

When gunpowder is heated, the action is owing to the 
ease with which the nitre parts with oxigen to the inflam- 
mables, the sulphur and carbon bing with it to form 
earbonic, and sulphuric or sulphurous acids, while the acid 
of the nitre, by losing part of its oxigen, forms nitric 
oxid, the generation of all of which is the cause of the 
explosion; at the same time, the water in the powder 
undergoing decomposition, affords hydrogen to part of 
thesulphur, and generates sulphuretted hydrogen, which 
gives rise to the offensive smell. That a large quantity 
of aeriform matter is given off by gunpowder, is easily 
shewn, by putting a little of it moistened into a tin tube, 
kindling it, and then plunging it quickly under the mouth 
of a jar, inverted on a water trough, keeping the mouth 
of the tube down. As the powder is moistened, it does 
not explode, but is slowly consumed, and gas arises into 
the jar, which, when cold, occupies about 250 times the 


volume of the powder itself; but the heat evolved dur- 


ing the action is supposed to expand it to 1000; and as 

each volume exerts the same pressure as the atmosphere, 

15 pounds on the square inch, we have thus the pressure 
Bb 2 
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of 1000 atmospheres, so that its expansive force is 15,000 — 
pounds, by which a ball is propelled from a gun with a 


velocity of about 2000 feet in a second. The strength of 
different kinds of powder varies, however, considerably, 
and hence it is that each sample is tried before it is pur- 
chased by government ; which is done by ascertaining 
the distance to which it sends a ball, using the same gun, 
similar balls, and the same weight of powder, in all the 
trials. 

Nitrate of potassa is iss employed in the preparation 
of signal-lights and matches. The portfire of artillery- 
men is a mixture of 60 of nitre, 40 of sulphur, and 20 
of gunpowder, the materials being made into a paste, 
and stuffed into cylinders of paper. Signal lights are 
mixtures of nitre and sulphur, with a little metallic mat- 
ter, that communicates to the flame a peculiar colour. - 


The white light is composed of 6 of nitre, and 2 of sul. — 


phur, to which is added 1 of orpiment, or yellow arsenic; _ 
and the blue light consists of the same proportions; of me 


nitre and sulphur, with 2 of crude antimony. . aS 
The action between nitre and some of the acids, par- 
ticularly sulphuric, is important, as by it we can decom- 
pose it and procure its acid, the affinity between the al- 
kali and the sulphuric being more powerful than that be- 
tween it and the one with which it is united. Hence the 
mode of preparing both nitrous and nitric acid, the first 
of which is usually procured by the decomposition of the 
nitre, and from it the latter can be easily obtained. 
Different proportions of acid and nitre have been. 
recommended, with the view of procuring nitrous acid. 
Those given by the Edinburgh Pharmacopeeia are, 
Nitrate of potass, bruised, two pounds; 
Sulphuric acid, sixteen ounces. 
Having put the nitre into a retort, and adapted a re- 


ceiver, which must be kept open and cooled in the usual — 
way, heat is to be applied, and continued as long as acid 


fumes come over ; after which, having removed the heat, 
the retort is to be allowed to cool gradually, to prevent it 


| 
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from cracking. What remains in it is the compound 
formed by the union of the sulphuric acid and potassa, 
and, as it is but sparingly soluble, it requires to have 
warm water poured on it repeatedly, and left on several 
days each time, so as to wash it out. 

The colour of the acid in the receiver depends in a 

_ great measure on the heat; that which comes first over being 
pale yellow, and of great specific gravity, but it gradual- 
ly becomes darker and of less density as the distillation 
proceeds; the specific gravity of the product is in ge- 
neral 1520. 

The above is the method of conducting the process on 
asmall scale. If larger apparatus be used, it is necessary 
to apply the heat through the medium of a furnace and 
sand-bath, keeping the receiver cool by a stream of wa- 
ter from a cistern, from which there hang some worsted 

_ threads to draw it off, drop by drop. 

In the decomposition of nitre by oil of vitriol, the 
sulphuric acid unites with the potassa, while the nitric 
acid is disengaged, but at the same time, probably 
owing to the high temperature at which the action 
is going on, is decomposed, a part of its oxigen being 
expelled, and it is thus converted to nitrous acid, 
which is condensed in the receiver along with the 
water of the oil of vitriol; the oxigen escapes in the 
gaseous form, and hence the necessity of keeping the 
mouth of the receiver loosely adapted to the neck of 
the retort. If, instead of a common receiver, a tubulated 
one be employed, and the tube carried under a jar in a 
water trough, the elastic fluid may be collected, and is 
found to be pure oxigen. 

The acid thus obtained by the decomposition of nitre 
is not pure nitrous acid, it almost always contains a little 
muriatic and sulphuric acid ; the former derived from 
sea-salt existing in the nitre, the latter from part of the 
oil of vitriol being distilled over. It is sufficiently pure, 
however, for most purposes, but when required free 
from foreign admixture, the nitre ought to be purified 
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by repeated crystallization, and the acid obtained must 
be redistilled along with a little of the compound called 
nitrate of lead, the metal of which retains the foreign 
acids, and allows the nitrous acid to come off pure. 

It has been mentioned, that the colour of the product 
depends, in a great measure, on the temperature and pro- 
portions employed. It must not, however, from this be 
supposed that there is a variety of nitrous acids; the 
difference in the colour is occasioned by an admixture of 
nitric acid which has escaped decomposition, and which, 
being colourless, the more there is of it, the colour of 
the nitrous acid becomes paler. 

Nitrous acid, as thus obtained, is easily decomposed 
by heat, and converted to nitric acid; and hence a me- 
thod of procuring it. For this purpose any quantity of 
nitrous acid is put into a retort, (using the same a 
tus as in the former experiment,) and a very slight neat 
applied, which must be kept up till the liquid becomes 
colourless. In this process, the acid is gradually 
composed ; nitric oxid being disengaged, and stitial "acid 
left in the retort, so that one part must deprive t 
other of oxigen, that gaining it becoming nitric a 
the other, which has lost it, nitric oxid. The gas, 
liberated instantly, unites with the oxigen of the air 
in the apparatus, and forms nitrous acid, which is 
condensed in the receiver; and hence the necessity of 
keeping it cool, and having the mouth open to admit at- 
mospheric air. 

If a larger proportion of oil of vitriol than re onda 
ed in the Edinburgh Pharmacopeia be employed, the 
acid is paler ; ; indeed, so much so, that by the London 
College it is called nitric ; and hence the process ordered 
by them for procuring this acid, which consists in 
ploying equal weights of oil of vitriol and nitre; and 
reason for using this excess of acid is, that a sufficient 
quantity of water be afforded to the nitric — -, 
comes off. 7 *s 

Nitrate of potass consists of ct 
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1 atom of nitric acid 67.5 1975: 
1 atom of potass 60 
oil of vitriol consists of 
1 atom of sulph. acid 50 a= 61.25 : 
1 atom of water 11.25 
but 1 atom of nitric acid 


requires 2 atoms of water 

to form 1 atom of liquid acid; 

so that unless 2 atoms of oil of vitriol (= 122-5) have 
been employed, the whole of it cannot be disengaged 
from the nitre, and consequently all the salt is not decom- 
posed. From this it is evident that, using the proportions 
ordered by the London College, the products, provided 
there is no decomposition of the nitric acid itself, should 


. “ ’ - nitric acid 67-5) __ 1 atom liquid acid 90 
' atoms water 22.5 

1 atom potassa GO: Fre ata 

i siisatph. acid 100 ia eer: of potassa 1g 

It is almost impossible, however, to get the nitric acid 
off without decomposing part of it, and hence it is that it 
is always coloured from the presence of nitrous acid, and 
by which there is, of course, a loss; but this is much 
less than when the process of the Edinburgh Pharmaco- 
peia is followed, for, from the small quantity of oil of 
vitriol used, the whole of the nitre is not decomposed ; 
but this, it is supposed, is compensated by the residue 
in the retort being more easily washed out, and by 
there being less risk of any of the sulphuric coming over 
with the nitric acid. Of course, in this process, bisul- 
phate of potass is also formed, for each atom of nitric 
acid set free must have 2 of water, and by which 2 of 
sulphuric acid are to unite with the potassa disengaged 
from the nitre. © 
It has been already mentioned, (see p. 292.) that ni- 
trous acid fumes are employed with great efficacy in dis- 
arming contagious effluvia of their virulence ; and hence 
their use in purifying apartments in which sick have been 
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confined, and in preventing contagion. The ease with 
which nitre is decomposed by sulphuric acid, affords a 

means for procuring the acid vapour. For this purpose, 
a little oil of vitriol is placed in a tea-cup, which is to be 

heated in a ladle with sand, taking care not to raise the 

temperature so far as to make it give off fumes. Some 

nitre is then to be thrown in, by which the sulphuric acid 

unites with the potassa, and the nitrous acid vapour is 

disengaged. If the room is large, several cups may be 
placed in different parts of it, or the ladle aOR be car- 

ried from one part to another. 

Nitrate of potass is not decomposed by any of the 
other acids. 

Nitre is a native production. It is found in the stems 
of some plants, as tobacco. It exists also in several mi 
nerals, and in the soil of some countries, a r 
Spain, South America, East Indies, and | 
which it is obtained by lixiviation and evap 
fording what is called rough nitre, from w 
tained pure by solution and crystallization. of 

Nitre, as has been already explained, is used i! 
preparation of gunpowder, signal lights, and nitrous and. 
nitric acids. It is employed, iP thai in the manufacture of 
oil of vitriol. { 

When sulphur burns slowly in air, ahead acid is 
formed ; but when it is mixed with a little nitre, the 
combustion is more lively, and sulphuric acid is the pro- 
duct. To obtain the acid from this mixture, large leaden. 
chambers are built, having two openings, one a door at. 
a few inches from the bottom, for the introduction of the 3 
mixture, the other, also near the bottom, furnished with 
a stop-cock, through which the acid is drawn off. Wa- 
ter is poured in to i depth of about two or three inches, . 
and the mixture of sulphur and nitre, in the proportion 
of about 8 or 10 of the former to 1 of the latter, con- 
tained in an earthen pot, is placed on a stand in the cha 
ber, and then kindled. When the combustion has ceased, _ 
more is put in, and in this way it is carried on for some 
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weeks, at the end of which the fluid is drawn off into 
large retorts of glass or platinum, and concentrated by 
evaporation, till it becomes of the proper strength,— 
specific gravity 1847. It is then poured into large green 
bottles, called carboys, surrounded by basket-work, in 
which state it is sent to market. 
Sulphuric acid prepared in this way always contains 
alittle lead, derived from its acting on the walls of the 
‘chambers, but from which it is easily freed by mixing it 
with an equal quantity of water, by which a white 
powder falls as the mixture becomes cold. This is the 
lead, in union with a little of the acid, from which the 
clear fluid is poured off, and, if required strong, must be 
concentrated by evaporation. 
was at one time supposed, that the nitre operated in 
nstance by affording oxigen directly to the sulphur, 
m sulphuric acid; but this is now known not to be 
se, for if the acid vapour be collected the moment 
enerated, it is not sulphuric but sulphurous acid ; 
es, there is not nearly enough of nitre to supply oxi- 
for the complete acidification of the sulphur. Cle- 
ment and Desormes have given a different explanation of 
the action. 'They imagine, that when the sulphur is in- 
flamed, it forms sulphurous acid, by taking oxigen not 
only from the air, but also from the nitric acid, by the 
decomposition of the last of which, nitric oxid is gene- 
rated. ‘The moment this comes off, meeting with atmo- 
spheric air, it unites with its oxigen, and generates ni- 
trous acid, which instantly gives off oxigen to the sul- 
phurous, to convert it to sulphuric acid, and be reduced 
itself again to the state of oxid, again to be ready to take 
more oxigen to form nitrous acid, which is to com- 
municate oxigen to the next portion of sulphurous 
acid formed by the combustion of the sulphur; so that 
the sulphur acquires as much as will convert it to 
sulphuric acid, not from the nitric acid of the nitre, but 
from the air, through the intervention of the nitric oxid ; 
consequently, there is no necessity for a large quantity of 
nitre, because the oxid generated from it, after it has 
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united with oxigen, is, by giving this off to the sulphu- 
rous acid, brought to the same state as before, and is 
ready to deprive the air of more, to communicate it to | 
the next portion of sulphurous acid formed. | 


Nitrate of Soda. 


Nitric acid unites with soda, and forms a neutral com- 
pound, the properties of which are similar to those of ni | 
trate of potassa, but it has been very little examined, and — 
it is not put to any particular use. It has been lately — 
found in large quantity in T'arapacca in Peru, and there 
are also lakes in Hungary which yield it in considerable 
abundance. 


ee: 
Nitrate of Ammonia. yh 


either in the state of a compact salt, or in prisn ail 
fibrous crystals, according to the mode by which it has 
been prepared. It has a cooling, bitter taste; is deli- 


quescent and soluble, requiring about 2 of water at a : 


natural temperature, and half its weight at a boiling 
heat, for solution, and from which crystals are deposited 
as it cools. ‘The quantity of water in the salt varies ac- 
cording to its form. Davy states that there is 


in the prismatic crystals, 12 per cent. 
fibrous do. L Some 
compact salt, : iy arene 


But as usually purchased, it in general has no less than — : 


20 per cent. probably owing to deliquescence. 
The composition of the different salts is, according to 


Davy, f 4 
Prismatic. Fibrous. Compact. I 
acid 69.5 72.5 T45 a | 
base 18.4 19.3 19.8). uct 
water 12.1 8.2 57 


Berzelius states the first to be composed. of ) 
acid 67.62, base 21.14, water 11.24. 
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Now these numbers are very nearly the atomic weights 
of each ; so that we may consider it composed of 


1 atom acid, s 67.5 
1 atom ammonia, = 21.25 
I atom water, é 11.25 
and its atomic weight, 100. 


_ By far the most important action of nitrate of ammo- 
nia is with heat, by which it is decomposed, and yields 
nitrous oxid, and hence its use in the preparation of this 
gas. For this purpose, any quantity is put into a retort, 
and heated by means of a lamp or chauffer, by which it 
at first undergoes watery fusion ; but on continuing the 
heat, the whole of the water is expelled, and the salt it- 
self is fused, and then begins to suffer decomposition, 
the whole of the hydrogen of the ammonia uniting with 
as much oxigen from the acid as to generate water, while 
the remaining ingredients, that is, the rest of the oxigen 
andthe nitrogen of both, combine and form the oxid, 
which comes off with the watery vapour, and may be col- 
lected over a water-trough, the vapour being condensed 
by the cold. 
In this experiment, each atom of salt must yield 2 
atoms of oxid ; for 1 of nitrate consists of 
1 atom of acid = ! ap ae : 
oxigen 9 
nitrogen 1 
hydrogen 3 
Water and nitrous oxid, the only products of the action, 
contain 1 atom of each of their ingredients, so that 
hydrogen 3 
oxigen 93 
nitrogen 2 
oxigen 2 
The different salts require different temperatures for 
their decomposition ; it is, however, in all below 500, 
and in the preparation of the oxid, it should not be al- 
lowed to go beyond this, because nitric oxid is apt to be 
formed. A pound of good salt will yield about 5 cubic 


1 atom of ammonia = | 


— water 3 


3 — nitrous oxid 2 
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feet of gas; and as about 1. 6th of a foot is sufficient i in 
general for producing its effects when breathed, about 


1-3d of an ounce should yield enough for one individual. 
In preparing the gas with the view of respiring it, before 


beginning to collect it, it must be tried from time to 


; 


time, with a piece of wood recently extinguished ; if it 


kindles it, it may be considered pure ; and it ought also 
to be allowed to remain over the water for about half a 


hour, to deprive it of a little of the salt which it fre- 


quently holds in suspension; or it may be shaken with 
the water for a minute or two, which will completely pu- 


rify it. It is necessary, also, to try whether it contains: 
any nitric oxid, and which is done by the introduction of 
a few bubbles of air. If red fumes appear, the oxid is 


easily removed, by adding air, or aie till the fumes: 
cease to be formed. 


Nitrate of ammonia is acted on by inflammanlesa in the 


same way as nitre, undergoing deflagration by affording 
them oxigen 5 ; and it is decomposed also by oil of vitriol, 
but it is not put to any particular use in this WAY 09! 


It is prepared by the addition of the acid to the salt 


called carbonate of ammonia, by which the carbonic acid | 


is expelled, and the nitric acid and ammonia unite, and 


may be obtained in the state of nitrate by evaporation. 


CARBONATES. 


Carbonic acid unites in two proportions with the alka- 


lies, and forms salts, not however differing much in their | 


properties. The one is called carbonate, the other bi- — 


carbonate, which are a very interesting class of bodies, — 


as from them many of the other salts are formed, and — 
they are used also in several important operations of the 
arts. 

The salts formed by the union of alkalies and carbonic | 
acid, possess many of the properties of the former. They — 
retain, to a certain extent, their taste, and those with 
ammonia have also its odour. They change yegetableg’ 
blues to green, and they effervesce on the addition of 


% 
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any acid, owing to the disengagement of their carbonic 
acid. | 

Before the discoveries of Dr Black respecting carbo- 
nic acid, the carbonates were considered to be the alka- 
lies in their pure state. It was known, that when any of 
them was mixed with lime, it lost its mildness, and became 
caustic, which was supposed to be owing to its having ac- 
quired something from the earth. Dr Black however 
shewed, that what was considered the pure alkali con- 
tained carbonic acid, which, by the admixture with lime, 
was transferred to it, and the alkali then became pure. 


Carbonate of Potassa. 


This is the salt long known by the name of Potashes, 
Pearl Ashes, and Salt of Tartar; but in these it is not 
pure, being mixed with other salts and siliceous matter. 
Tf a bottle of carbonic acid gas have a little solution 
‘of potassa thrown into it, and after corking it they be 
shaken together, keeping the mouth down, the gas is 
quickly absorbed by the alkali, and the air enters through 
the pores of the cork to supply its place. Though the 
alkaline carbonate may be thus obtained, it is never pre- 
pared in this way for use, being procured in large quan- 
tity by the combustion of vegetable matter. 

As usually purchased, it is in the form of a white gra- 
nular powder, or in coarse pieces. It has an acrid taste, 
is powerfully absorbent of moisture, and is therefore deli- 
quescent ; so that, when exposed to the air for some time, 
it absorbs a sufficient quantity to make it become fluid. 

It is soluble in water, requiring about its own weight 
at 60 to dissolve it. The solution is transparent and co- 
lourless, and changes vegetable blues to green, shewing 
that there is not enough of acid to saturate the alkali ; 
so that it is not, strictly speaking, a neutral salt. 

_ The composition of this salt, as given by Wollaston, is, 
carbonic acid, 100. 
potassa, u 218.8 
and as 100: 218.8: : 27.5: 60. 
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So that it contains ‘ 
1 atom of acid, - 27.5 
1 atom of potassa, - 60. 
its atom being - 87.5 
Carbonate of potass acts with some of the simple sub. 
stances already described, as chlorine and sulphur, and 
the action is the same as that already mentioned with 
potassa, (sce p. 375.) the water in the salt undergoi 
decomposition, and affording oxigen and hydrogen to i 
other substance to generate acids. In this way, by fus- 
ing sulphur with the alkaline carbonate, the substance 
commonly called sulphuret of potass is formed, but which 
is a mixture of salts with acids of sulphur. (See Sul- 
phuretted Hydro-Sulphuret of Potass.) 7 
The same action takes place with chlorine and iodine, 
when the potass is in solution, chlorate and muriate, or 
iodate and hydr-iodate of potass being formed by the 
chlorine and iodine gaining oxigen and hydrogen from 
the water. (See Chlorate and Iodate of Potass.) . 
Carbonate of potass is easily decomposed by the acids, 
which combine with its alkali, and disengage its acid 
with effervescence, the decomposition being effected by 
using either the dry salt, or its solution. Though this 
salt yields carbonic acid easily, it does not answer for 
affording it, because the action is by far too rapid. 
Carbonate of potassa is prepared by the combustion 
of vegetables, more particularly in those countries which 
abound in wood, as in America and Russia. For this 
purpose, the ashes collected from the wood used as fuel 
are washed with water, and the solution, after filtration, 
evaporated to dryness. What is left is the carbonate, 
though in an impure state, as it contains vegetable mat- 
ter, and some other salts; but it is sufficiently pure for 
the uses to which it is generally applied. : 
Vegetables always contain potassa, probably in e : 
nation with a vegetable acid ; hence, by the combustio 
the carbon in them combines with the oxigen of the ain, 
and forms carbonic acid, which then enters into union 
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with the alkali, previously deprived of its acid by the 
combustion. It is obtained in different quantities from 
different vegetables. Herbaceous plants yield most, next 
the shrubs, and least of all the trees. Even the various 
parts of the same plant afford it differently ; thus, the 
leaves give more than the stems or trunks. Hence the 
potashes and pearl ashes of commerce, contain different 
quantities of pure alkali; and as it is for this they are 
prized, it is of the utmost consequence that we should 
be able, by an easy method, to ascertain its proportion. 
(See Appendix.) 

Carbonate of potass is employed in bleaching, and in 
the manufacture of glass and soap; it is likewise used 
for yielding pure potassa, by decomposing it by means 
of lime. (See Lime, Silica, Ouls. ) 


Bi-Carbonate of Potassa. 


When a stream of carbonic acid gas is passed through 
a solution of carbonate of potass, it is absorbed, and 
a bi-carbonate is formed, having of course double the 
quantity of acid. If so, it contains 2 atoms of acid and 
1 of alkali, that is, 55 to 60; but in addition to this, it 
has also water, for when procured from its solution by 
slow evaporation, it is deposited in the crystalline form, 
taking water of crystallization with it. 

Bi-carbonate of potass is decomposed by heat; the 
excess of carbonic acid being disengaged, and carbonate 
left, and hence a method of procuring this salt when 
required pure for particular purposes. 

It is soluble in about 4 parts of water, forming a trans- 
parent colourless solution, which renders vegetable blues 
green; so that the acid, even in this, is not sufficient to 
neutralize the alkali. 

If the salt be put into boiling water, it is dissolved, 
but at the same time decomposed, carbonic acid being 
driven off; and hence the necessity, when evaporating the 
solution to obtain erystals, of keeping the temperature 
below the boiling point. 
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Like the carbonate, it is decomposed by the acids. 

Bi-carbonate of potass, it has been already mentioned, is" 
prepared by passing a stream of carbonic acid gas through - 
the solution of the carbonate. As the acid is absorb- 
ed, a flocculent matter is deposited, which is silica, so 
that it is necessary, after the gas ceases, to be taken up, to _ 
filter, and the liquor must then be evaporated by a heat 
not exceeding 180, lest the excess of carbonic acid 
should be driven off. | 

Bi-carbonate of potass is used in medicine as an ante 
acid, particularly i in union with stomachics, as prepara- 
tions of iron. It is employed in making effervescent 
draughts, by adding to it some of the er ae 
acids. (See Citric Acid. ) 3 


Carbonate of Soda. 


The properties of the salts formed by the union of 
soda and carbonic acid are very nearly the same as those 
of potassa. 

Carbonate of soda, commonly called soda, crystallizes 
in octohedrons, composed of two four-sided pyramids, 
joined by their bases, and truncated at their summits. 
Its taste is the same as that of carbonate of potass. It 
is soluble in about 2 of cold, and in rather less than its 
own weight of boiling water, forming a transparent co- 
lourless solution, which changes blues to green ; so that 
in this, as in the carbonates of potass, the acid is not in 
sufficient quantity to neutralize the soda. on ee 

When heated, it undergoes the watery fusion, ae 4a 
becomes a white powder, losing about 63 per cent. which 
is water of crystallization. When exposed to air, it ef-— 
floresces, in this respect differing from that of potesagg | 
which deliquesces. a 

The action with sulphur, chlorine, isdines, and. acids, 
is the same as that of the carbonate of potassa. : 

Different statements have been given of the compen 
tion of this salt. They are as follow: a 
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Bergman. Klaproth. Kirwan. Thomson. 
acid, 16 16 14.42 14.16 
soda, 20 22 21.52 20.60 
water, 64 62 64 65.24 


That of Klaproth seems the most correct, because it very 
nearly agrees with the theoretic composition, which 
makes it consist of 


1 atom acid, 27.5 or 16.27 
1 atom soda, 40. 92.93 


10 atoms water, 112.5 62.5 
making its atom 180. 100. 

Carbonate of soda is generally procured by the com- 
bustion of sea-weeds, and plants growing near the sea ; 
the produce of the former is called kelp, of the latter ba- 
_rilla. Barilla is made principally along the shores of the 
Mediterranean, by burning different species of salsola 
‘and salicornia, for which purpose they are collected 
in Autumn, and laid on the ground to dry. Holes, each 
capable of holding about a ton, are dug in the earth, and 
over these are placed bars of iron, on which the plants, 
‘mixed with straw or reeds, are burned, portions of the 
mixture being thrown in, when the former is nearly con- 
‘sumed. During the combustion, the product under- 
goes a sort of fusion, and it is well stirred; and when 
the pits are full, they are covered with earth till it cools, 

after which it is removed, and broken to pieces. 
Kelp is prepared nearly in the same way, from the dif- 
_ ferent sea-weeds, which are cut in June and July, and 
exposed on the rocks till they become dry, care being 
- taken to keep them from rain. They are then burned, 
» either in pits dug in the sand, or on the surface of the 
ground, surrounded by stones, a fire being previously 
_ kindled, toe promote the combustion. When a consider- 
able quantity of the ashes is collected, the heat is suffi- 
cient to fuse them, after which they are well stirred ; and 
in this way the process is carried on for several days. 
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The product is then covered till it becomes cold, 
afterwards broken to pieces. 4 
Kelp and barilla contain a number of substances, as” 
lime, magnesia, sea sand, charcoal, and different salts, 
the principal of which is carbonate of soda, the former 
having from 8 to 6, and sometimes 8 per cent. the latter _ 
from 12 to 15, and occasionally, though rarely, about _ 
17. Besides these, they contain iodine in the state of _ 
hydriodate. 
The solution of the plants that yield kelp and barilla, 
have been found to contain muriate of soda and sulphate © 
of potass, so that during the incineration, the sulphate is __ 
decomposed, its oxigen combining with the carbon to _ 
form carbonic acid, and its alkali with the muriatic acid _ 
of the sea salt, by which soda is liberated, and unites 
with the carbonic acid, and hence the origin of the 7 
bonate of soda. - | 
Kelp and barilla are used for yielding couteie fh 
soda. For this purpose, they must be dissolved in boil- 
ing water, the solution filtered, and evaporated to drynes 
The residuum must be again dissolved, and the fuid 
slowly evaporated, to allow the impurities to be deposit- 
ed, and after these] are removed, the process is conti- 
nued, and carbonate of soda is procured. | 
Kelp and barilla are used, also, in their entire 
for soap-making, and in the manufacture of glass ; in th 
former, owing to the soda they contain; in the latter, 
owing partly to it, partly to other substances, which 4 
necessary ingredients in some kinds of glass. (¢ Sees 
and Glass.) ee 
As the different kinds of kelp and barilla afford di 
rent quantities of soda, it is of importance to be sheet 
know how much they contain, as on this depends theiz 
value. (See Appendiz.) 44 
Sub-carbonate of soda, is used for the same purpo: 
as sub-carbonate of potassa. a 


_ Bi-Carbonate of Soda. 
When a stream of carbonic acid gas is passed 
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a solution of carbonate of soda, it is converted into bi- 
carbonate, the properties of which are nearly the same 
as those of the other, and as the name shews, having 
twice the quantity of acid. It is soluble, but the solu- 
tion has not been made to afford crystals, hence the bi- 
carbonate is usually sold in powder. It has the same ef- 
fect on vegetable blues as solution of the carbonate. It 
is employed for the same purposes as bi-carbonate of 
potass. 


Carbonate of Ammonia. 


When carbonic acid and ammonia, in the gaseous 
form, are presented to each other, they unite and form 
a white powder. These substances, by their union, pro- 
duce two salts, the one containing equal volumes, the 
other 2 of alkali and 1 of acid. The latter is the car- 
bonate, the former bi-carbonate. Since the ingredients 
thus unite volume to volume, it is easy to ascertain the 
proportions ; in the former, they must be as the specific 
gravities ; in the latter, as twice sp. gr. of the alkali to 
once that of acid. 

The salt found in commerce, and which is commonly 
ealled sub-carbonate of ammonia, is different in its com- 
position from both of the above. According to Phillips, 
it is composed of 

acid 55.93 — 3 atoms — 27.5 
alkali 28.81 — 2 atoms — 42.5 
| water 15.26 — 2 atoms — 225 


+ 100 92.5 
* He has therefore proposed to call it a sesqut-carbonate, 
because it contains once and a half as much acid as exists 
in the carbonate, that is, an atom of alkali to 13 of acid 3. 
oF; to get quit of the } atom, it is said to contain 2 of 
alkali to three of acid. 
_ This salt is usually obtained in the state of a hard com- 
ict crystalline mass, with some degree of transparency- 
~ It has the taste and odour of the alkali. It is soluble in 
. cc2 
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about 2 of cold, and in less than half its weight of water, 
a little below the boiling point, the solute ha 
blues to green. 

When exposed to heat, it is sublimed, and condenses 
unchanged in its properties in dendritic crystals, the tem- 
perature necessary for the sublimation being below 212; 
hence we cannot employ boiling water to dissolve it. 

On exposure to air, it is decomposed ; it loses its am- 
moniacal odour, and falls into powder, owing to the loss" 
of part of its acid and alkali, an atom of each of which 
is expelled, so that it is then composed of 

2 atoms acid, 1 atom alkali, 2 atoms water, 

and has therefore become bi-carbonate. 

All the acids decompose it, disengaging its carbonic acid. 

- Potassa and soda also ectacrio it; they unite with 
its acid, and set its alkali free. The carbonates of the 
same alkalies also effect its decomposition ;- they deprive 3 
it of its acid;-and are themselves converted to bi-carbo-— 
nates, and hence a method at one time followed im pre-— 
paring them, but now given up as too expensive. . 

Carbonate of ammonia is found in springs in the neigh-— 
bourhood of volcanoes. It is almost always obtained by 
the decomposition of animal matter, as horns, hoofs, and 
bones, which contain the ingredients of which it is com- 
posed, carbon, oxigen, hydrogen, and nitrogen. These 
are subjected to heat in close vessels, by which their ele. 
ments enter into a new state of combination, and new 
compounds are formed. Part of the carbon and oxigen | 
produce carbonic acid, part of the hydrogen and nitrogen - 
ammonia, which come off together in the state of car- 
bonate, and is condensed in receivers. It may also be 
obtained by the decomposition of another ammoniacal 
salt, the muriate, by means of carbonate of lime. (See 
Lime.) It is employed in medicine internally, as a dia 
phoretic ; externally, when mixed with oil, as a rub 
cient. 


—, 
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PHOSPHATES. 


Phosphoric acid unites with the alkalies, and forms 
phosphates. ‘They have, however, been very little exa- 
mined, and are not put to any particular use. 

The only phosphate of any interest, is that with soda. 
It may be formed by the direct union of its ingredients, 
but it is never prepared in that way. It is procured by 
the decomposition of the earth of bones, a compound of 


lime and phosphoric acid. (See Lime.) ~ 


Phosphate of Soda. 


This salt was discovered in urine by Hellot in 1737, 
but we are indebted to Klaproth for the discovery of its 
composition. It crystallizes in rhomboidal prisms. It 
has a cooling, not unpleasant taste. When subjected to 
heat, it undergoes the watery fusion, and afterwards 
melts into an opake glass. . When exposed to air, it ef- 
floresces. It is soluble in about 4 of cold and 2 of boil- 
ing water, but the solution is with difficulty made to 
crystallize, unless there is a slight excess of alkali, and 
hence the salt of commerce is usually alkaline. 

According to Thomson, (First Pr.) phosphate of soda 
is composed of 


acid 16.39. = 1latom. = 35 
ante PHheeio: . =o) LD atom >= 4.0 
water 64.888 — 12atoms — 135 


100 its atomic weight being 210 
Phosphate of soda is decomposed by nitric, sulphuric, 
and muriatic acids, which deprive it of part of its base, 
and leave the remainder in union with the whole of the 
phosphoric acid, forming a bi-phosphate, containing 
therefore double the quantity of acid that exists in the 
other. . 
_ The phosphate is used in medicine as a mild purgative, 
for which, owing to its less nauseous taste, it is better a- 
_dapted than some of the others. As it is fused at a low 
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temperature, and as in this state it acts powerfully on 
metallic compounds, it is employed as a flux in their | 
analysis. 


Phosphate of Ammonia. 


This salt exists also in urine. It crystallizes in octo- 
hedrons. It is soluble in water, the solution having a 
disagreeable bitter taste. | 

When exposed to heat, it is decomposed, the ammo- | 
nia is expelled, and the acid is left pure. If subjected | 
to heat with charcoal, the acid is likewise decomposed, — 
its oxigen uniting with the charcoal, while the phospho- — 
rus distils over. “a 

When phosphate of ammonia is mixed with phosphate | 
of soda, and heat applied, the ammonia is expelled, and — 
super-phosphate of soda is formed. 


BoraAtTES. | 


The only borate of any importance, is that with soda, 
long known by the name of borax, and in which the bo- 
racic acid is not in sufficient quantity to neutralize the | 
alkali; and hence it has been called 


S'ub-Borate of Soda. 


It was noticed so early as the 9th century; but its 
composition was not known till 1732, when it was point- 
ed out by Geoffrey. 4 

It crystallizes in six-sided prisms. It has a styptic — 
cooling taste. It is soluble in 20 of ecld, and in 6 of \ 
boiling water, the solution changing blues to green. 
When exposed to a moderate heat, it iquenes: swells, and 
parts with its water of evacuations becoming a light | 
spongy mass, commonly called calcined, or burnt boraa. — 
By continuing the heat, the salt is fused; and, on cool- 
ing, becomes a transparent glass, but without undergoing — 
any change in its qualities, “ 
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The composition of borax, as given by Gmelin and 
Bergman, is about 35 of acid, 17 of alkali, and 48 of 
water. Dr Thomson, however, in his late experiments, 
(First Pr.) considers it as composed of 

acid, 21.05 = 2atoms = 30 
soda, $1.57 = latom = 40 
water, 47.37 = 8 atoms = 90 

99.99 its atom being 160. 

Borax is easily decomposed by the stronger acids, 
which unite with the soda and set the acid free, and 
hence the method of procuring it. For this pur- 
pose, two ounces of the salt are dissolved in boiling 
water, so as to make a saturated solution, to which 
one ounce of muriatic acid is to be added; and as the 
solution cools, crystals of boracic acid are deposited. Af- 
ter pouring off the solution of muriate of soda, they are 
to be washed with a little cold water, and then heated, 
to drive off any superfluous muriatic acid. 

Borax is a natural production. It is found in great 
abundance in a lake in Thibet, from which it is dug and 
sent to Europe, under the name of f¢incal. It is not, 
however, in this state pure; it is enveloped in a fatty 
matter, from which it is freed by exposure to a red 
heat, and afterwards dissolving it in water, and crystal- 
lizing it. 

Borax is employed in solution as a gargle; and, when 
calcined, as an application to aphthous spots, either in 
powder or mixed with honey. From the power it possess- 
es of uniting with earthy matter, and making it soluble, 
it is used in the analysis of minerals; and it is ow- 
ing’ to this also, that it is employed in making the 
finer kinds of glass, with the view of imitating gems. 
It is used also in soldering metals, because by the heat 
it melts, and covers their surface, and then protects them 
from the action of the air, at the high temperature 
to which they are exposed. It is applied also, with great 
advantage, in welding iron to steel. 
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SULPHATES. 


Sulphate of Potassa. 


Sulphate of potassa, or vitriolated tartar of commerce, 
is obtained in six-sided prisms, terminated by six-sided 
pyramids. It has a bitter taste; is sparingly soluble 
in water, requiring about 16 parts at a natural tempera- 
ture, and 5 at a boiling heat, for solution. It. decrepi- 
tates, owing to the small quantity of water it contains: 
but this is not water of crystallization ; it has been mere- 
ly carried along with it during its’ deposition from solu- 
tion. | 

Sulphate of potassa is composed of an atom of each of 
its ingredients, and hence its composition is 

1 atom acid, 50 or 45.45 
~~1 atom potassa, 60 54.55 
its atom being 110 - 100. 

Perhaps the most important action of sulphate of: pot- 
ass, is that with carbon. When heated with charcoal, it 
undergoes decomposition, the carbon uniting with the 
oxigen of both of its ingredients, and leaving the sulphur 
and potassium to form a sulphuret. As this sulphuret, 
when put into water, becomes a hydro-sulphuret, the de- 
composition of sulphate by charcoal is sometimes prac- 
tised with the view of preparing this salt. 

The explanation given of the action between sulphate 
of potass and charcoal, may be considered applicable to 
many other sulphates with oxidized bases,—the charcoal — 
depriving them of their oxigen, and converting: them to_ 
sulphurets ; and hence a method of preparing the sulphu-_ 
rets of those metals which cannot be obtained pure, so_ 
as to cause them to enter directly into union with cul 
phur. x 

Sulphate of potass may be procured by the addition 
_ of the acid to the alkaline carbonate ; but a cheaper me-— 
thod of preparing it is by the saturation of the acidulous — 


J 
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salt, left in the preparation of nitrous acid, in which ni- 
trate of potass is decomposed by sulphuric acid, (p. 388). 
For this purpose, the saline mass being dissolved in water, 
a solution of carbonate of potass must be added, till 
the excess of sulphuric acid is saturated ; and which is 
known by its not reddening a test paper.—Or the solu- 
tion may have lime added to it; which, by uniting with 
the excess of acid, will form sulphate of lime, which is 
deposited, while the sulphate of potass is left in solu- 
tion, and may be obtained by filtration and evaporation. 

The salt left in the preparation of nitrous acid, it has 
been already mentioned, is a super-salt. It has been 
found, by Wollaston, to contain double the quantity of 
acid that exists in the neutral sulphate; and if so, it is 
composed of an atom of base to 2 of acid, and is there- 
fore a bi-sulphate. It is used, as stated, for yielding 
neutral sulphate, and it is sometimes employed when an 
acid is required free from water. 


Sulphate of Soda. 


. Sulphate of soda was discovered by a German che- 
mist of the name of Glauber, who called it sal mirabile, 
‘but after whom it has been termed Glauber salt. It 
was also, before the establishment of the French nomen- 
clature, called natron vitriolatum, or vitriolated soda. 

Its crystals are transparent, six-sided prisms terminat- 
ed by dihedral summits, the taste of which is strongly 
saline and bitter. It is soluble in 2.8 of water, at 60, 
and in 0.8, at 212. Gay Lussac has, however, stated a 
very remarkable fact with respect to its solubility ; that 
after being freed of water of crystallization, it is more 
soluble at 914 than at any other temperature, 100 of 
water at 32 dissolving 5, ata boiling heat 423, and at 
913 no less than 50. 

When heated, it undergoes the watery fusion, and on 
exposure to air effloresces, losing about 56 per cent. of 
its weight, and a light white powder is formed. 
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It is a compound of 
1 atom 50 or 24.7 
1 atom 40 19.3 
10 atoms 112.5 56 
202.5 100 | 

It is decomposed by charcoal in the same way as sul 
phate of potass, provided its water of crystallization has 
been previously expelled, and sulphuret of sodium is 
formed. . 

Sulphate of soda is found native in some mineral wa- 
ters. It is also observed as an efflorescence on the walls 
of old buildings. It is generally obtained, however, 
from the residue of the process for procuring muriatic — 
acid, and which consists in adding sulphuric acid to sea 
salt, by which a sulphate of soda mixed with a little 
super-sulphate is formed. When to this carbonate of 
soda is added, the carbonic acid is disengaged, and the 
excess of sulphuric acid neutralized by the soda of the 
carbonate, so that, by filtration and evaporation, crystals 
are procured. 

Sulphate of soda is also a residuum in the manufac- 
ture of other substances, as sal ammoniac. (See this.) 

Sulphate of soda is employed in medicine as a purga-— 
tive. By far the most important process carried on with 
it, is decomposing it, so as to make it yield+its alkali, . 
which is so valuable an article of commerce. (See Muri- 


ate of Soda. ) 


Sulphate of Ammonia. 


Sulphate of ammonia may be formed by the decompo- 
sition of the carbonate by muriatic acid, but it is never 
prepared in this way. It exists in soot, the acid being 
formed by the combustion of the sulphur always existing 
in coal, and the ammonia by the union of part of its hysa 
drogen and nitrogen. In the preparation of coal gas, an — 
ammoniacal liquor is collected in part of the apparatus, 
which, when mixed with oil of vitriol, also affords sul- 
phate of ammonia. The only use to which this salt is 
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applied, is in the preparation of muriate of ammonia, 
(See Mur. Ammonia. ) 


CHLORATES. 


Before the discoveries of Sir H. Davy with respect to 
chlorine, the chlorates were called hyper-owi-muriates, 
from the idea that they contained an acid, having a still 
larger proportion of oxigen than was supposed to exist 
in oxi-muriatic, and hence its name hyper-oxi-murt- 
atic. It has been already mentioned, that according 
to the new doctrine, this acid is a compound of chlo- 
rine and oxigen, and called chloric acid, its salts being 
chlorates. ‘The chlorate, particularly that of potassa, 
has excited considerable interest, owing to the peculia- 
rity of its properties, and to its having, by its decomposi- 
“ tion, afforded substances with which we were not previ- 
ously acquainted. : 


Chlorate of Potassa. 


This salt was first mentioned by Higgins, but he does 
not seem to have been aware of its composition, having 
supposed it to be nitre, to which, in some of its proper- 
ties, it has a strong resemblance. It was afterwards no- 
ticed by Berthollet and Cheneyix, and more lately exa- 
mined by Davy, and Gay Lussac and Thenard, 

It is obtained in general in small thin lamine, of a 
silvery whiteness, but when deposited slowly from its so- 
lution, it is in the form of obtuse rhomboidal plates. It 
has a cooling disagreeable taste, resembling that of nitre. 
It requires 16 of cold, but only 2 of boiling water, for 
solution. 

_- When subjected to heat, it undergoes decomposition, — 
_ and oxigen gas, equal in weight to about 1-3d of the salt, 
is disengaged, and hence a method of preparing this elastic 
fluid, when required pure for particular purposes. All 
that is necessary, is to put any quantity of the salt into 
a retort, and apply heat as long as gas comes off. After 
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the action is over, there remains a white saline-looking 
matter, which, according to the new doctrine, is chlorid 
of potassium. i 
Berzelius found, that 100 gr. previously freed from 
water, yielded 38.69 of oxigen, leaving a residue of chlo- 
rid of potassium, weighing 60.94, composed of 28.87 
chlorine, and 32.07 potassium. The latter requires 6.41 
of oxigen, to convert them to potassa, subtracting which 
from that given off by the salt, leaves 32.28 to have been 
in union with the chlorine, to form chloric acid, so that 
chlorate of potass is composed of 
chlorine, 28.87 : 
weet 39.93 { = 61.15 of acid 
potassium, 32.07 
oxigen, 6.4] 
and as 61.15 : 38.48 :: 95: 59.7, 
so nearly 60, that we may consider it a compound of 
--L-atom acid, 95 or 61.29 
1 atom potassa, 60 38.71 


= 38.48 potassa 


its atom being 155 100 

Chlorate of potassa acts with astonishing violence on 
inflammables.. Those already described detonate with 
it either by friction or percussion, the action being the — 
same in all, but of course the product differing accord-_ 
ing to the inflammable employed. 

When phosphorus is mixed with it, and the mixture, ; 
made into a small packet, is struck with a hammer, it — 
explodes with great force, rendering the experiment dan- 
gerous, so that it ought not to be performed on more than 
a quarter of a grain. Charcoal in powder also acts in | 
a similar way, and the same is the case with sulphur ; 
indeed, the mixture with it explodes by friction, equal 
parts of the powder of the salt, and flowers of sul. — 
phur, when rubbed in a mortar, exploding with great Vlo- 
lence. This shews the necessity of Operating on small 
quantities, and, in making the mixtures, the materials 
ought to be reduced to powder separately, and in each 
experiment, only 2 or 8 grains should be used, and 


y 
¥ 


CHLORATE OF POTASSA. 413 


mixed on paper by means of a piece of wood. ‘The ac- 
tion in these cases is supposed to be owing to the ease 
with which the salt parts with oxigen to the inflammable, 
the friction or percussion favouring it, probably by the 
generation of a little heat. 

The action between chlorate of potassa and the acids 
is important, particularly with muriatic and sulphuric, 
as by them it is decomposed, and the two oxids of chlo- 
rine are disengaged, the former yielding the protoxid, 
and the latter the peroxid. 

When a few grains of the salt are thrown into about an 
ounce of muriatic acid, there is an effervescence, and the 
fluid acquires the property of destroying vegetable co- 
lour. If the acid be diluted, the action is more gradual, 
and protoxid of chlorine is disengaged, and hence the 
method of preparing it. For this purpose we must 
employ a mercurial trough, or the gas may be more easily 
collected by the displacement of the air of the apparatus. 
Having put into a retort, (cut, p.315.) half an ounce of the 
chlorate, pour in an ounce of a mixture of equal parts of 
muriatic acid and water, and apply heat by means of a 
spirit lamp, with a small wick, and held at the distance 
of a few inches. As the gas comes off, it gradually 
pushes out above it the lighter atmospheric air, and when, 
‘from the appearance of the receiver, it is supposed to be 
full, it must be removed, and another substituted, so that 
in this way a sufficient quantity may be collected for ex- 
periment. 

The chemical action in this instance is accounted for 
by the decomposition of both acids. Part of the muria- 
tic unites with the potassa of the chlorate to form a 
-muriate, while chloric acid is disengaged, and acts on 
the remainder of the muriatic, the hydrogen of which 
combines with as much oxigen from the other as will 
form water, the remaining ingredients, that is, the chlo- 
rine of both acids, unite with the rest of the oxigen to ge- 
nerate the protoxid. 

For each atom of chloric acid decomposed, 2 of muria- 


Ad 4 CHLORATES. 

tic are necessary, and 3 of protoxid and 2 of water must. 
be set free. Ae 

For 1 atom chloric acid — | chlorine i 
oxigen 35 - 
2 atoms muriatic acid = ® chlorine % 
| 2 hydrogen 2 
and 2 water = o by ‘ clei ; 
2 oxigen ; 
and 3 protoxid of chlorine =| 3 chlorine 4 
3 oxigen. $s 


It frequently happens, however, that a little uncom. 
bined chlorine comes over mixed with the protoxid ; but_ 
the quantity must be very small, as is proved by the = 
collected by the displacement of the air not acting on _ 
copper leaf, which it ought to do if it contained much 
chlorine. The disengagement of this gas is accounted — 
for by the complete decomposition of some of the chlori 4, 
acid, the oxigen from which must have been taken away 
by the hydrogen of the muriatic. ¥ 

The action with sulphuric acid is no less important, 
per-oxid of chlorine being formed, and hence the method 
of preparing it. It may be obtained as recommend. 
ed by Gay Lussac, by mixing the acid with the salt very 
cautiously, and keeping them cold to prevent action. 
The mixture is then put into a retort, and by plunging 
the body of this into warmish water, the gas will come off, 
and may be collected either in a mercurial trough, or by 
the displacement of air, using the same apparatus as that 
for the preparation of the protoxid. A simple method 
of procuring the gas is to collect it in the same vessel in 
which it is prepared, and in which way it is sufficiently 
pure for the experiments that may be performed on 
it, with the view of shewing its properties. Fo 
this purpose, into a strong glass tube of about 
inches in length, and half an inch in diameter, place’ 2 
or 3 grains of salt, and having inserted a long funnel, — 
pour in a drop or two of acid, and instantly remove — 
it, after which put in a cork loosely into the mouth of — 
the tube, and place the end of it into warmish water, so_— 
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as just to cover that part containing the mixture. The 
action will commence, by which the peroxid is disen~ 
gaged, and pushing up the lighter air which escapes, the 
tube becomes full. As it is dangerous, owing to its ex- 
plosive power, to collect much of the gas in one receiver, 
when required in considerable quantity, it is better to 
have a number of tubes, into each of which the mixture 
of acid and salt can be put. 3 

In this experiment the action is easily explained. The 
sulphuric acid, owing to its affinity for potassa, liberates 
the chloric acid, but which, instead of remaining in that 
state, undergoes decomposition, one part taking oxigen 
from the other. That which loses it becomes peroxid of 
chlorine, the other, which has acquired it, 1s changed to 
per-chloric acid, and is left in union with some of the 
potass, forming per-chlorate of potass; so that the saline 
matter at the bottom of the tube is a mixture of bi-sul- 
phate and per-chlorate, and which can be separated by 
solution and crystallization. The latter being least so- 
luble, is of course first deposited. 

It is probable that three atoms of chloric acid are de- 
composed, and that 2 of the oxid, and 1 of the per-chloric 
acid, are produced. 

4 3 chlorine 
3 atoms of chloric acid = 
15 oxigen 


will yield, by decomposition, 


2 atoms of peroxid of chlorine = Ne chlorine 
8 oxigen 

1 atom per-chloric acid — 1 chlorine 
7 oxigen 


When the per-chlorate of potassa obtained in this pro- 
cess, is exposed to heat, it yields oxigen gas. When 
heated with sulphuric acid, it is decomposed, the acid 
uniting with the alkali, and setting free per-chloric acid. 
Hence the method of preparing it. 

If sulphuric acid be poured on chlorate of potassa, 
mixed. with any inflammable matter, there is immediate 
combustion, owing to the action of the disengaged per- 
oxid on the inflammable, (see p. 260.) 
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Chlorate of potassa is always procured by passing’ a 
stream of chlorine gas slowly through solution of potassa, 
and at the same time subjected to pressure, so that Nooth’s 
apparatus may be used, or, which answers better, one of 
this form. It consists of a bottle, A, . 
having two apertures, into one of 
which is inserted the mouth of a re- 
tort, and into the other the tube of the 
vessel, B, which passes down to the 
bottom of it. Into the upper aperture 
of B, is placed another similar vessel, 
C, with a bent tube, and having a 
stopper at D. Into A is placed the 
fluid to absorb the gas, being brought 
as high as the mouth of the retort, 
and as the tube of B is immersed in it, 
it acts as a valve; for when the gas 
flows into-A; it raises it into B, thus it prevents its 
escape, except when accumulated, in which case, it has 
to pass through a column of fluid ; besides, the gas in A 
always subject to pressure, in proportion to the height 
of the apparatus. The use of C is to receive the fluid 
forced up, when gas collects in the upper part of B. 

For preparing the chlorate, the mixtureto. generate chlo- 
rine, (oxid of manganese 1 part, muriatie acid ‘4, or oxid of 
manganese 1, sea salt 4, water and sulphuric acid each 2,) 
is placed in the retort A, the alkaline solution in B. On 
applying a slight heat, the gas comes off, and, in passing 
through the fluid, is absorbed ; and when it ceases to be 
so, the liquid is filtered and evaporated, by which crys- 
tals of chlorate are obtained. 3 

In this instance, during the passage of the chlorine 
through the fluid, water is decomposed, the ‘cereal 
of which, uniting with the chlorine, form chloric and mu-— 
rlatic acids, and these combining with the alkali, produce > 
chlorate and muriate of potass; and as the former is the 
least soluble, it is first deposited during the evaporation. 
Now, as chloric acid contains 1 of chlorine and 5 of oxi- 
gen, and muriatic acid an atom of each of its ingredients, 
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there must be the decomposition of at least 5 atoms of 
water, and by which only 1 of chloric, but 5 of muriatic 
acid will be produced, the latter uniting with 5 of alkali; 
so that there is in the process a great waste both of chlo- 
rine and of potass, and hence the reason of the chlorate 
being so expensive. 

From the great explosive power of mixtures of chlo- 
- rate of potassa and inflammables, it was recommended to 
employ it, instead of nitre, in the manufacture of gun- 
powder; indeed, an attempt was made in France to this 
effect, but the moment the mixture was rubbed, it ex- 
ploded, and proved fatal to some of the workmen, so that 
the process was abandoned. But, besides the danger, the 
expense of preparing it precludes its use. It has, how- 
ever, been recommended by Mr Forsyth as a priming 
for his patent firelock, now known by the name of per- 
cussion lock. In those first used, the priming was kept 
in a reservoir attached to them, but explosions sometimes 
happened ; accordingly, various improvements have been 
made on it. ‘That now in common use, and which is not 
only the simplest, but the safest, consists merely of a 
small hammer, A, fixed to the trigger, and terminated by 
a little cup at B, fitting the projection C, in which is the 


touch-hole, communicating with the barrel. A number of 
small copper caps are made to fit accurately the projection 
C, and into these is placed a little of the explosive mix. 
ture. After the barrel is loaded, a cap is put on, and 
the hammer brought down cautiously on it. When the 
“Piece is to be discharged, the hammer is brought to full 


cock, and by drawing the trigger, it comes down with a 
VOL. I. pd 
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smart blow on the cap, and explodes the mixture, the 
flame from which rushes through the touch-hole, and sets 
fire to the powder. This lock is attended with several 
advantages. There is no chance of the priming being 
injured by moisture, by which the common ones so fre- 
quently hang fire, and indeed often cannot be used dur- 
ing wet weather, and there is little danger to be appre- 
hended from the hammer being cocked accidentally, the 
spring being much stronger than in flint locks. Different 
mixtures have been used. That recommended by Forsyth, 
was the salt with sulphur and charcoal ; but the substance 
commonly called crude antimony, and which is a compound 
of the metal antimony and sulphur, is generally employed, 

being mixed with about an equal quantity of the salt. 

Chlorate of potass is likewise employed as a means of 
procuring a light. The action with sulphuric acid and 
inflammable matter, has been already noticed. It is in 
this way that a light is obtained. The salt, after being 
reduced to powder, is mixed on a piece of paper, with an 
equal bulk of the powder of white sugar, and made into 
a thick paste with mucilage, or it may be mixed with 
flour, and made into a paste with water, in which state it 
is put on the end of a small sulphur match, taking care 
to leave some of the sulphur uncovered. When this is 
dipt into oil of vitriol, there is an action similar to that 
already described with phosphorus, by which the sugar 
is inflamed, and kindles the sulphur. These matches 
are in general put up into a box, with a small bottle of 
acid, and a wax taper. They must be kept dry, and 
the acid ought to be frequently renewed, because it is 
apt to absorb moisture, particularly if the stopper has 
been often removed. 

By this action, pieces of artillery may also be dis- 
charged, for if a small pipe, filled with the mixture, 
be placed in the touch-hole, by putting on a drop of acid, 
it is kindled, and the flame rushes into the barrel. 


Chlorate of Soda. 


This salt may be prepared in the same way as chlorate 


CHLORATE OF AMMONIA. 419 


of potass, and its properties, particularly with inflam- 
mables and acids, are the same. 


Chlorate of Ammonia. 


It has been already mentioned, that by bringing chlo- 
rine gas over solution of ammonia, chlorid of nitrogen is 
formed, (p. 262.) and when chlorine and ammonia, in the 
state of gas, are brought into contact, they form muriate 
of ammonia, (p. 381.) We cannot, therefore, prepare 
chlorate of ammonia by a process similar to that by 
which the other chlorates are formed. It may be pro- 
cured by the direct union of its ingredients, but its pro- 
perties have not been examined, and it is not put to any 
use, 


-JopATEs. 


The iodates of the alkalies were discovered nearly 
about the same time by Davy and Gay Lussac, but the 
first account of them published was by Davy. 


Iodate of Potassa. 


This salt is procured by a process similar to that by 
which the chlorate is prepared, by shaking iodine in so- 
lution of potass. Of course the action is the same, the 
water communicating its ingredients to the iodine, to 
form iodic and hydr-iodic acid, which, combining with 
the alkali, produce iodate, and hydr-iodate. A white 
powder is formed, consisting of the two salts, which can 
be separated by the action of alcohol; for when it is 
digested with it for some time, the latter only is dis- 
solved, so that the iodate is obtained pure. 

Lodate of potass is decomposed by heat, giving off oxi- 
gen, and leaving iodid of potassium in the retort, 100 or. 
yielding 22.5 of gas, and of course 77.5 of iodid. From 
this mode of analysis, it has been found to consist of 
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acid, fe 718 
potass, - 22 
and as 78: 22:: 20.5: 58, 
so nearly 60, that we may consider it composed of 


1 atom of acid, 205 or T7.4 
1 atom of potassa, = - 60 22.6 
its atom being = 265 100 


Iodate of potass detonates with inflammables, though 
by no means with so much violence as the chlorate. 


Todate of Soda 


Is obtained in the same way, and is possessed of similar 
properties. Its composition is, 


1 atom acid, a eS 205 or 84 | 
1 atom soda, . ‘ 40 #16 
and its atom, - - 245 100 


Iodate of Ammonia. 


In the preparation of this iodate, iodic acid is saturat- 
ed by the addition of carbonate of ammonia. It deto- 
nates also with inflammables. | 


ARSENATES AND ARBSENITES. 


Arsenate of Potassa. 


When equal parts of arsenous acid and nitre are fused, 
and the heat continued till the red fumes, which at first 
come off, cease to be disengaged, a white saline mass 
is obtained, soluble in water, and on evaporation giving 
crystals of arsenate of potass, but with excess of acid. 
Here the arsenous acid, having acquired oxigen from the 
nitric, has been converted to arsenic acid, and. united 
with the potassa, nitric oxid coming off, and forming the 


red fumes of nitrous acid. 
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Arsenite of Potassa. 


This salt is prepared by boiling solution of sub-carbon- 
ate of potass with arsenous acid. They enter into union, 
and form a substance long known by the name of Fovw- 
ler’s solution, much employed in medicine, in cases of 
periodic headache, obstinate rheumatisms, &c. It is 
the solutio arsenitis Potassee of the Pharmacopceia. 


SELENIATES. 


Selenic acid unites, in three different proportions, with 
the alkalies, and forms seleniates, bi-seleniates, and qua- 
dri-seleniates. They are procured by the direct union of 
their ingredients, but they do not present any thing in- 
teresting. 


CYANATES. 


It has been already mentioned, that when cyanogen is 
passed through alkaline solutions, the water is decompos- 
ed, giving rise to the formation of cyanic and hydro-cy- 
anic acids, which are left in union with the alkali. Cy- 
anate of potassa is more easily procured by exposing to a 
low red heat, a mixture, of equal weights, of the salt 
called ferro-cyanate of potass, and of black oxid of man- 
ganese, by which the oxigen of the latter, and the cyano- 
gen of the former, unite to produce cyanic acid, which 
combines with the potass. Thecyanate thus formed may 
be dissolved by warm alcohol, which, when it cools, de- 
posits it in small plates. 

When cyanate of potass is heated, particularly in 
solution, it is decomposed, and resolved into carbonic 
acid and ammonia; and the same occurs on the addi- 
tion of any acid, which, uniting with its base, causes the 
expulsion and decomposition of the cyanic acid, 
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SALTS WITH HYDR-ACIDS. 
Hypro-SuLPHURETS, AND SULPHURETTED Hypno- 
SULPHURETS. 


TuE salts formed by the union of the alkalies with sul 
phuretted and super-sulphuretted hydrogen, are a very 


interesting class of compounds, from the peculiarity of | 


their properties, and from the important actions that take 


place during their preparation. As yet, our knowledge 


of them is but limited; and, unluckily, the nomencla- 


ture is imperfect and confused. According to the rule | 
already laid down, of giving compounds names derived — 
from those ‘of their ingredients, sulphuretted hydrogen — 


should be called hydro-sulphuric acid, and its salts, hydro- 


sulphates, by which we would at once be informed of i 


their composition. 


The nomenclature of the compounds of the bases, and 


super-sulphuretted hydrogen, is still more imperfect. 


They were first called, by Berthollet, hydrogenated sul-— 


phurets, and afterwards by Chenevix, hydroguretted sul- 
phurets. Kirwan, who first gave the name of super-sul- 


phuretted hydrogen to this compound of hydrogen and — 
sulphur, proposed to call its salts super-sulphuretted hydro- 


sulphurets, which was shortened to sulphuretted hgcrossai 
phurets, the term now in general use. 


Were we to adopt a nomenclature similar to that and } 
plied to other acids, super-sulphuretted hydrogen, as it — 


contains less hydrogen than there ‘is in-sulphuretted hy- 


drogen, should be called hydro-sulphurous acid, and its 4 


compounds, hydro-sulphites. 


Hydro-sulphate, or Hydro-sulphuret of Potassa. 


This salt is obtained by passing a stream of hydro- 
sulphuric acid, (sulphuretted hydrogen), through solu- 
tion of potassa, by which a transparent colourless fluid is 
formed, which yields long prismatic crystals, not unlike 
those of sulphate of soda. 

They have no smell when dry ; but when exposed to 
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air, they attract moisture, and emit afetid odour. They 
are soluble in water; affordinga solution easily decomposed 
by exposure to air, oxigen being absorbed, which, uniting 
with part of the hydrogen of the acid to form water, leaves 
an excess of sulphur, thus producing hy dro-sulphurousacid, 
(super-sulphuretted hydrogen), and which, with the base, 
becomes hydro-sulphite, (sulphuretted hydro-sulphuret), 
of a brownish colour.—Hence the necessity of keeping 
the solution in well-corked phials. 

On the addition of any acid to the solution of the hy- 
dro-sulphate, there is an effervescence, owing to the dis- 
engagement of hydro-sulphuric acid, the other uniting 
with the base, and forming a ¢ransparent solution. 

Though the hydro-sulphate is generally procured by 
the transmission of the acid gas through the alkaline so- 
lution, other methods are followed. It has been already 
mentioned, (p. 408.) that when sulphate of potassa, free 
from moisture, is heated with charcoal, sulphuret of potas- 
sium is formed. If this be thrown into water, there is 
adouble decomposition, and hydro-sulphate of potassa 
is the result. 


Hydro-sulphate of Soda. 


This salt may be prepared in the same way, and its 
properties are similar to those of the salt with potassa. 


Hydro-sulphate of Ammonia. 

When equal volumes of hydro-sulphuric acid and am- 
monia are mixed, they combine, and form white clouds, 
which condense on the inside of the vessel. The salt 
may be also prepared by passing the gas through solu- 
tion of ammonia, till it ceases to be absorbed. Trans- 
parent needle-shaped crystals are formed, which are so 
volatile, that when placed at the bottom of a bottle they 
very soon sublime. When exposed to the air, they at- 
tract moisture, and are decomposed ; and the same hap- 
pens also when they are in solution, there is an absorp- 
tion of oxigen, and a gradual conversion to hydro-sul- 


phite. 


rr 
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This salt was recommended by Rollo under the name 


of Hepatised Ammonia, in diseases of increased action, 


particularly in diabetes, for which reason it has been in- — 


troduced into the Pharmacopeeia. 


Hydro-sulphite, or Sulphuretted Hydro-sulphuret of j 


Potassa. 


| 


It has been already stated, that when solution of hydro- | 
sulphate is exposed to air, it becomes, from the absorp- — 


tion of oxigen, and consumption of part of the hydrogen, 
a hydro-sulphite ; hence one method of preparing this 
compound ; but it is not generally resorted to, as it can 

be procured by a much easier process, though not quite 
pure, but sufficiently so for the purposes to which it is 

usually applied. When sulphur and potashes are fused 
together, the substance commonly called sulphuret of 
potassa is formed; but which, it was formerly mentioned, 

(p. 398.) may be considered a mixture of sulphate and 

hydro-sulphite of potass, so that, by dissolving it in wa- 

ter, a solution of the latter is procured, containing very 
little of the former, because it is sparingly soluble. 


Another mode of preparing it is, to boil solution of — 


potassa on flowers of sulphur, till it becomes of a deep- 
brown colour, taking care to shake the vessel frequently, 
to prevent the mixture from boiling over. The same 
action goes on in this case as when the sulphur is heated 
with potashes, the water giving both of its ingredients to 


the sulphur, to produce sulphuric and hydro-sulphurous _ 
acids, which uniting with the alkali, form sulphate and — 
hydro-sulphite ; and as the former is sparingly soluble, 


the greater part of it is deposited as the fluid cools. 


‘Though the substances formed by the action of sulphur | 
on potashes, whether in the dry or in the liquid way, have — 
been described as containing sulphuretted hydro-sulphu- — 
ret, very different statements have been given by other — 
chemists of their composition. It was at one time ima- 


gined, that when sulphur and carbonate of potass were 
heated, the carbonic acid gas was set at liberty, while 
the sulphur and alkali combined to form a sulphuret. 
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Others, as Vauquelin, (An. de Ch. et de Ph. vi.) main- 
tained that part of the potassa was decomposed ; that its 
oxigen united with sulphur, to form sulphuric acid, so 
that the product was a mixture of sulphuret of potassium, 
and sulphate of potassa. More lately, Berzelius, (An. 
de Ch. et de Ph. xx.), and Berthier, (Ibid. xxii.) have 
endeavoured to prove that sulphuret of potassium is the 
product, the compound being the same as that obtained 
by the decomposition of sulphate by charcoal. I am in- 
clined, however, to consider the explanation given above 
as the more probable; for that there is a sulphuretted 
hydro-sulphuret, and not a sulphuret of potassium, is 
evident; because, on the addition of an acid to the solu- 
tion, there is not only the disengagement of sulphuretted 
_ hydrogen, but also the precipitation of sulphur,—-a pro- 
perty peculiar to sulphuretted hydro-sulphurets ; besides, 
when sulphur is heated with some other oxidized bases, 
as lime, and which can be obtained free from water, there 
is no action, the sulphur passing off in vapour; now, 
common potashes always contain moisture, which, by 
its decomposition, may give oxigen and hydrogen to the 
sulphur. Analogy is also in favour of this opinion. 
Chlorine, iodine, and phosphorus, when treated with pot- 
assa and water, cause decomposition of the latter, and 
formation of compounds containing oxigen and hydrogen. 
Sulphur belongs to the same class, for it enters also into 
union with both of the acidifying principles, to form acids, 
so that it is likely it will act with alkaline substances in 
the same manner. With respect to the nature of the pro- 
duct of the action of charcoal on a sulphate, if it be free 
from moisture, we know that it is a sulphuret of the me- 
tallic base, and consequently, when thrown into water, 
will yield hydro-sulphuret ; but if the sulphate contain 
water, there is always produced a sulphuretted hydro- 
sulphuret ; and that there is so, is proved by the addition 
of an acid to the solution, by which sulphur is precipi- 
tated. 

The solution of the sulphuretted hydro-sulphuret, like 
that of the hydro-sulphate, is easily decomposed by 
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~~ 


exposure to air; oxigen is absorbed, which, uniting 


with the hydrogen, generates water, and with the sul- | 


phur hypo-sulphurous acid, with which the alkali is | 


left in union, forming hypo-sulphite, giving a colour- 


less solution. As hydro-sulphate, by exposure to air, | 
becomes hydro-sulphite, it is evident that it also, by — 


continuance of exposure to air, will become hypo-sul- — 


phite, the fluid, from being colourless, acquiring a dark- 
er and darker colour, and again becoming colourless. 
This solution is also easily decomposed by acids, which 
unite with the potass, and liberate the acid; but the 
products differ according to the method of mixing the 
fluids. When muriatic acid is dropt into the solution, 


it forms a muriate, and the hydro-sulphurous acid, when — 


set free, is instantly decomposed, hydro-sulphuric acid 
is given off in the form of gas, and the fluid becomes 
opake from the deposition of sulphur; but which, in- 
stead of assuming its proper yellow colour, is white, 
probably from its containing a little water. If, however, 
instead of pouring the acid into the solution, the solu- 
tion be thrown into the acid, very little of the hydro- 
sulphurous acid is decomposed. It is deposited in the 
form of a yellowish fluid of an oily consistence ; and 
hence the method of preparing it. 


From the avidity with which the solution of hydra | 


sulphite of potass absorbs oxigen, it is employed for as- 
certaining the quantity of it in air, and other gaseous 
mixtures. ‘The apparatus in common use for this pur- 


- = 


pose, is the Eudiometer of Dr Hope. It consists of a — 


graduated tube, B, fitted to a bottle, A, having 
a stopper at C. In using this, suppose the tube 
full of air, the bottle is to be filled with the solu- 
tion, and the tube inserted, and by shaking them 
the whole of the oxigen will be absorbed in the 
course of a few minutes. After this, the appa- 
ratus is plunged into a basin of water, and the 
stopper, C, removed, but instantly replaced, by 
which the water flows in to fill up the vacuum, 
and the height to which it rises indicates the 
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quantity of oxigen consumed ; taking care to have the 
fluid on the inside and outside on a level, and by keep- 
ing the whole apparatus in the water for some time, to 
have it at the same temperature as at the commencement 
of the experiment. Should the absorption not be com- 
plete by the first shaking, the process must be repeated 
till the water will not rise any farther in the tube. 

In using any other gaseous fluid than air, having filled 
the tube, the bottle full of the solution must be placed 
in the same vessel with it, which is then to be inserted 
into the upper aperture, and the process after this must 
be conducted in the manner already described. 

Instead of the apparatus now described, Dr Henry has 
proposed, that an elastic gum boitle should be used in- 
stead of the glass one. ‘The tube, B, is fitted 
accurately, by grinding into another, to which 
the gum bottle is tied. This apparatus is used 
in the same way as the other, and the advantages 
attending it are, that as the oxigen is absorbed, 
the external pressure of the air causes the solu- 
tion to rise to supply the vacuum, so that there 
isno necessity for removing the tube to admit 
water, by the introduction of which the so- 
lution is so much diluted, that it acts slowly on 
the air. 

_ Though this method of ascertaining the proportion of 
oxigen, is by no means so accurate as some of the others, 
yet it is frequently trusted to, particularly when no great 
degree of nicety 1s required. 

Since ‘solution of hydro-sulphate of potass absorbs 
oxigen so easily, it is sometimes employed for preparing 
nitrogen, For this purpose the same apparatus may be 
employed as that already described, (p. 206.) and by 
which nitrogen was procured by means of a mixture of 
moistened iron filings and sulphur, the hydro-sulphite 
being placed in the cup. Or the solution, to the depth 
of about an inch, may be poured into the outer jar, and 


the bell-glass placed over it, and by which also the ab- 
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sorption will go on, and the fluid will rise to supply the © 


place of the oxigen removed. 


Hydro-Sulphite of Soda. 


The solution of this substance is prepared in the same ‘ 


way as that of potass. Its properties are similar, and 
of course it may be applied to the same purposes. 


Hydro-Sulphite of Ammonia. 


This substance is prepared by exposing solution of 
hydro-sulphate to air, to allow it to absorb oxigen, or by 
keeping it in a phial along with flowers of sulphur, which 
it gradually dissolves, forming hydro-sulphurous acid, 
to unite with the ammonia. 

Its properties are the same as those of the other hydro- 
sulphites. 


MoRIiateEs ok Hypro-CHLORATES. 


It has been already mentioned, that many of the chlo- 
rurets, when thrown into water, become muriates, by the 
oxigen uniting with the base, and the hydrogen with the 


chlorine. Such is the case with those of potassium and © 


sodium. Again, on evaporating the solution to dryness, 


the muriate becomes chloruret, so that the substances long — 


known by the names of muriates of potass and soda, must, 
if we adopt strictly the new views with respect to chlo- 
rine, be considered chlorurets. Instead of detailing the 


properties of these, when mentioning the action between 


chlorine and the metallic bases of the alkalies, I have 
thought proper to bring them in with the salts, because 
in all their actions with other substances they become 
muriates, by the decomposition of the water which these 
contain ; and therefore, in one point of view, keeping this 
in remembrance, we are detailing the properties not of 


chlorurets, but of muriates. These remarks are applicable | : 


7 
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only to the compounds of potassium and sodium. That 
with ammonia is allowed by all to be a muriate. 

~ What has been said of chlorurets, may be applied to 
iodurets, and to the compounds of the other bodies form- 
ing hydr-acids, as fluorine, cyanogen, and xanthogen ; in- 
deed the class of compounds containing sulphur, may 
perhaps also be considered in the same light. As all 
of these, however, also become salts when acted on by 
other substances, I have brought them in under this 
class; by which arrangement, bodies acting similarly are 
placed together, and their properties will, I think, be 
more easily understood. 


Muriate of Potassa. 


Muriatic acid unites with potassa, and forms a muri- 
ate, having a bitter saline taste. When its solution is 
evaporated, cubical crystals of chlorid of potassium are 
deposited, which require 3 of cold, and about 3 of boil- 
ing water to dissolve them. 

The properties of this -salt have been but very 
little examined, and it is not put to any particular use, 
except in the preparation of alum ; for which purpose it 
is in general procured from kelp and barilla, the 
substances employed in the manufacture of soap. After 
the free alkali has been extracted by the oil employed in 
this process, the residuary solution, when evaporated to 
dryness, yields muriate of potass. 


Muriate of Soda. 


This salt may be obtained by the direct union of its 
ingredients, but it is never prepared in this way. It is 
the principal saline substance in sea water, and in rock 
salt, from both of which it is always procured. On eva- 
porating the solution, cubical crystals of chlorid of sodi- 
um are deposited; but these are sometimes of other 
forms, the most common of which is a hollow four-sided 
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* | 
pyramid, and which is occasioned by the salt crystalliz-_ 
ing on the surface; for when the cube is first produced it — 
sinks a little in the fluid, and acquires a layer on each 4 
of the four sides where it is in contact with it, by which@ 
it becomes heavier and sinks a little farther, when it — 
again acquires another layer, and so on till it forms a 
hollow pyramidal crystal, with the apex undermost. | 

These crystals, when pure, are not altered by exposure — 
to air, but the sea salt in common use deliquesces, from — 
its containing compounds of magnesia and lime. When 
heated, they decrepitate, but this is not owing to water | 
of crystallization ; it is merely .a little which has been 
taken along with the particles when deposited from 
solution, and must be considered therefore as interstitial. 
In general it amounts to about 3 per cent. 

They are soluble in 2.5 of cold water, and what is very 
remarkable, they require very nearly as much at a boil- 
ing heat ; accordingly a warm solution does not crystal- | 
lize when it cools; the crystals are obtained by evapora- 
tion. 

As chlorid of sodium consists of an atom of each of 
its ingredients, and is converted by water to muriate of 
soda, it is evident that the salt when in this state must 
contain 

| 


1 atom of muriatic acid 46.25 or 54.63 
1 atom of soda 40. 45.37 


and its atom weight will be 86.25 100 

When 1 of sea salt is mixed with 2 of ice, or of snow, 
there is an immediate liquefaction and solution of the 
salt, so that both becoming fluid, there is a great reduc- 
tion of temperature. This is the mixture employed by 
Fahrenheit in procuring what he supposed to be the de- 
gree of absolute cold, and at which he fixed the beginning 
of his scale. The temperature is not however 0, as he 
imagined, but —4, (p. 99.) It is the mixture also used 
by confectioners in making ice creams, of course there is ¥ 
little or no waste of the salt, for on evaporating the so- 
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lution, it is obtained sufficiently pure for the same pur- 

se. . 

_ Sea salt is decomposed by the acids. By far the most 
important action is with oil of vitriol, as by means of it 
muriatic acid is disengaged, and hence the method of 
preparing it. Different processes are followed, according 
as the gaseous or common liquid acid is required. 

Before preparing either, it is better to expose the salt 
to heat, to free it of its extraneous moisture, and by 
which also any vegetable matter and nitre it may con- 
tain are destroyed. For procuring gaseous muriatic acid, 
it is necessary to employ a mercurial trough; or, if we 
wish to collect it in considerable quantity, it may be 
done by the displacement of the air of the receivers. For 
this purpose equal parts of dried salt and oil of vitriol 
are put into the retort, (Ist cut, p. 315.) and a slight 
heat applied, by which the gas comes off; and, by allow- 
ing it to escape for a little from the mouth of the bottle, 
we get this nearly full, the acid being sufficiently pure 
for most purposes. If more bottles than one are requir- 
ed, having taken away the first, another may be put in its 
place, and to prevent the gas from escaping after they 
are removed, a little lute (4 wax, 2 resin) may be laid 
along the stopper, by means of a hot wire. 

In preparing the liquid acid, it is necessary, with the 
view of moderating the action, to dilute the oil of vitriol ; 

but as heat is disengaged during the union of the acid 
and water, the mixture must be allowed to cool before it 
is poured on the salt. The proportions ordered by the 
Edinburgh Pharmacopeeia, are, 

Dried sea salt, 

Sulphuric acid, 

Water,—of each two pounds. 

Having mixed eight ounces of the water with the sul- 
phuric acid, put the remainder into the receiver, and 
when the diluted acid is cold, pour it on the salt in the 
retort, and apply heat. ‘The apparatus to be used may 
be the same as that for preparing the gaseous acid, the 
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water being put into the bottle.—Or a common retort and | | 


receiver may be employed ; and, in this case, after wait- 
ing a little to allow the air of the apparatus to be expell- 
ed, they must be luted together with pipe-clay. In 
using a small apparatus, aoe may be applied by means” 


of a lamp or chauffer ; but when large retorts are employ-_ | 
ed, a furnace and sand. bath are necessary, and the heat 


must be kept up as long as acid distils over. In pre- 
paring the liquid acid, ce the process described, the re- 


tort ought not to be more than half full, lest the mixture - 
should boil over ; and the receiver must be kept cool, in- 
the first method, by putting it into a basin of ice and 


water, and in the latter, by a stream of water, having 


previously covered it with a piece of paper or cloth, to | 


diffuse it over its surface, and accelerate the evaporation. 


If a retort, without a tubulure, be employed, the di- 


luted acid must be poured in through a funnelled tube, 
to prevent any of it getting on the neck, and mixing with 
the muriatic acid that comes off. 


In the decomposition of sea salt by oil of vitriol, whe- 
ther we are procuring the gaseous or liquid acid, the | 


salt, if considered a chlorid of sodium, is decomposed 


by the water, the hydrogen and chlorine uniting to | 
form muriatic acid, and the oxigen and sodium, soda, | 
which enters into union with the sulphuric, and re. | 
mains in the retort, while the acid gas is disengaged, and 

coming in contact with the water in the receiver, is ab- | 
sorbed. If the salt be supposed muriate of soda, the | 
sulphuric acid and alkali combine, while the muriatic | 
and water come off together.—For, according to the old | 
opinion with respect to the composition of chlorine, mu- | 


i 

i) 
| 

| 


! 


riatic acid gas is supposed to contain water as one of its 


ingredients. 
The liquid acid thus prepared, should be of sp. gt. 
about 1170; and, if pure, it is transparent and colourless; 


but that of commerce is generally of a brownish tinge, 
from its containing a little iron, derived from its acting — 
on the vessel in which it is prepared. The residuum ing 


| 


MURIATE OF SODA. | 438 


the retort, consisting of sulphuric acid and soda, is part- 
ly in the state of bi-sulphate, because a larger quan- 
tity of acid is used than is necessary for the neutraliza- 
tion of the alkali: still, however, there is not sufficient 
‘to convert the whole of it into this state, nor is it ac- 
tually necessary ; for, keeping them in atomic propor- 
tions, '75 of chlorid of sodium are equivalent to 40 of so- 
da; which, supposing it to unite with two atoms of sul- 
phuric acid, would require 122.5 of oil of vitriol, which 
eontains 100, or 2 atoms of real acid. And as 

| 75 : 122.5 :: 100: 163, 

‘so that, instead of equal proportions, 2 to 3, or nearly s0, 
should be used. There is no absolute necessity, how- 
ever, for employing excess of acid, for 1 atom of oil of 
vitriol is sufficient to decompose 1 of salt. 


3 1 atom s. acid 

1 atom oil of vitriol = 13 ye 1 oxigen 
| atom water = \ 1 hy drog an 
1 atom chlorid = 1 chlorine 
. 1 sodium 
so that, when decomposed, they become 
SRA OY aes | 1 chlorine 
1 atom muriatic acid — 

1 hydrogen 
! sulph. acid . 
1 atom sulph. soda = \, ay ares kk 1 oxigen 

1 sodium 


61.25 of oil of vitriol should therefore be sufficient to de- 
compose 75 of salt; but it is supposed, that by using 
equal weights, the decomposition is more effectually 
secured, and the acid gas more easily expelled. 

The residue in the retort is employed, as already no- 
ticed, in the preparation of neutral sulphate of soda, 
(p. 410.) 

It was formerly mentioned, that muriatic acid is em- 
_ ployed for purifying apartments, and for preventing 
contagion, (p. 334.) It is owing to the ease with which 
sea salt gives off its acid, that it is used for this pur- 
pose. ‘The process is a very simple one: Into a tea cup 
or saucer, heated by holding it near a fire, a little sea 
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salt is put, and on it is poured abot an Te sty 
of oil of vitriol; which instantly unites with the sod 
and disengages the muriatic acid. Should the” aparte | 
ment be large, it is necessary to have several ales 
and in this instance, it is best to i co ip Pas an 
place them on warm bricks. Bh 
Sea salt is perhaps one of the most abundant sel j 
tions of nature; it is the principal ingredient in the resi- 
due procured by the evaporation of sea water, on 
contains about 3 per cent. of saline matter, 3-4ths of 
which are muriate of soda, It is likewise found in ing 
mense quantity in the bowels of the earth, as in the mine 
of Cheshire and Poland; and in some countries ther 
are mountains almost entirely composed of it, a remark. 
able instance of which is in Cordova in Spain. When 
obtained from sea water, it is called sea salt; when got 
from other’ sources, it is termed rock salt. For procur- 
ing it from sea water, different processes are followed, 
according to the temperature of the place. It is well | 
known, that when water, holding a salt in solution, is_ 
frozen, it deposits the whole of the salt; thus, the ice 
found in the polar regions, when melted, affords pure | 
water. Incold countries, advantage is taken of this: | 
The sea water is received into large shallow pits, in 
which most of it is frozen, and deposits the salt, so that 
the fluid beneath contains a much greater quantity than 
before. ‘The ice is therefore Hrskedn, and the fluid eva. 
porated, by which its salt is obtained. In warm climates, | 
sea water is likewise collected in pits, which communis — 
cate with each other. When that in the first is made 
sufficiently strong by spontaneous evaporation, it is | 
drawn into the second, and so on successively, till it ar2_ 
rives at the last, in which it is nearly a saturated soluz 
tion; of course, by farther evaporation, the salt is depo- 
sited. In this country, sea salt is obtained by artificial, | 
aided by spontaneous evaporation. For this purpose, 
the water is received into a large reservoir, from which 
it is constantly evaporating, and after this, is pumped 
into shallow pans, under wabtih a strong fire is applied. 
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As the fluid is evaporated, the salt is gradually formed 
on the surface, and falls to the bottom, from which it is 
raked out, and put into baskets to drain. The saline 
matter obtained by these different processes, is not pure 
muriate of soda; it contains other salts, which give it a 
disagreeable taste, and render it unfit for many purposes 
for which, when pure, it is so much prized; different 
methods have therefore been followed for purifying it, 
the principal of which is that recommended by Lord 
Dundonald, founded on the fact, that it is not more so- 
luble in boiling than in cold water, while the reverse is 
the case with the other substances with which it is mix- 
ed. A saturated solution of the saline matter is made 
at a natural temperature, and after being brought to a 
boiling heat, is poured on another portion of salt, placed 
in a conical vessel, with the point down, and having a 
small opening in it. As the impurities are more soluble 
in warm than in cold water, more of them is dissolved, 
but there is no action on the muriate of soda, so that, 
by repeated washings in this way, nearly the whole is 
removed. Still, however, the salt is not quite pure, and 
hence the preference given to rock salt, at least for cer- 
tain purposes, as it contains so little of the foreign in- 
gredients ; indeed, in some places, it is almost free from 
them. When rock salt is not pure, after being bruised, 
it is dissolved, and the solution filtered and evaporated, 
by which muriate of soda is procured. 

Sea salt, besides its use as a seasoning to food, is em- 
ployed largely in the arts. Its use in generating cold, 
and in preparing muriatic acid, has been already de- 
scribed. From its power of preventing putrefaction, it 
is used in preserving meat, fish, and butter. It is em- 
ployed in the manufacture of pottery, for giving a glaz- 
ing to some kinds of earthenware, and in the making of 
glass and soap, to the latter of which it imparts hardness. 

Perhaps the most important process carried on with it, 
is decomposing it, to make it yield soda. ‘This was at 
one time carried on by the addition of litharge, a com- 
‘pound of oxigen and lead, which unites with the muria- 

Ee 


436 MURIATES. 


4 


tic acid, and sets the soda free; but it has been aba 
doned as unprofitable. The only method now followed, | 
is to convert it, by the addition of sulphuric acid, into 
sulphate of soda, and afterwards to decompose the sul. 
phate; and the residuum of the process for preparing 
muriatic acid, is commonly employed for this purpose. 
It is mixed with charcoal and chalk, or lime, and sub- 
jected to a strong heat for some hours, by which the. 
sulphuric acid is ‘aipsisoged the charcoal uniting with | 
its oxigen to form carbonic acid, which is left combined | 
with fle soda, while the sulphur and lime form a sul- 
phuret, so that, by dissolving the product, filtering, and | 
evaporating, crystals of carbonate of soda are obtained. 
They are not, however, pure, but they are sufficiently so 
for most of the purposes to which they are applied. It) 
is in this way that a great deal of the soda now used 
by soap-makers and bleachers is prepared. | 


Muriate of Ammonia. 


Muriate of ammonia, commonly called Sal Ammoniac, 
has been long known and in use in the arts. As gene-| 
rally obtained, it is in large cakes of a semicircular form, 
owing to the figure of the vessel in which it is prepared. 
It is very tough, and reduced to powder with great diffi- 
culty. 

It requires 3.25 of cold, and about its own weight of 
boiling water, to dissolve it, and during solution there 
is a fall of temperature. 

When subjected to heat, it sublimes, and is again con- 
densed, unchanged in its properties, on the cool part of 
the apparatus. 

When exposed to the atmosphere, 1t becomes moist. 

The composition of muriate of ammonia is easily deter- 
mined. When equal volumes of muriatic acid and am- 
monia gases are mixed, the whole is condensed in the 
form of a white powder, so that their proportions must 
be as their specific gravities; that is, 1284 to 590; 


| 
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and as 1284: 590: : 46.25 : 21.25; 
so that it is a compound of 


1 atom of acid, 46.25 or 69 
1 atom of ammonia, 21.25 31 
and its atom will be 68.5 100 


_ The salt of commerce contains, however, water of crys- 
tallization, according to Berzelius, not less than 19 
per cent.; but as this is not in atomic proportion, there 
must either be some inaccuracy in the experiments by 
which it has been determined, or the water must be con- 
sidered not in chemical combination with the salt. 

Muriate of ammonia is decomposed by some of the 
acids. Perhaps the most important decomposition is 
with nitric, by which an impure aqua regia is form- 
ed, and which is much employed in the arts. It is pre- 
pared by putting 3 parts of the powder of the salt into 
1 of acid, in a flask, and applying a very slight heat, till 
the whole is dissolved. In this case, part of the nitric 
unites with the ammonia, and sets free muriatic acid, 
which acts on the rest of the other, as when the pure 
acids are used, (see p. 333.) so that the only difference 
in the product is its containing, besides aqua regia, a 
little of the compound formed by the union of the ammo- 
nia and nitric acid, but which is not at all injurious in 
the processes in which it is used. 

It has been already mentioned, (p. 98.) that sal am- 
moniac generates cold during solution in water ; if it be 
mixed with an equal quantity of nitre, both reduced to 
powder, and dissolved, the cold becomes still more in- 
tense. The proper proportions are 4 of the mixture to 
5 of water, and there is no waste of the materials, be- 
cause the product, which is merely a solution of the salts, 
may be procured by boiling to dryness, and will, after 
being powdered, answer for the same purpose. Being 
therefore economical, when ice cannot be procured, it is 
much employed for cooling receivers into which vapours 
are to be condensed, during distillation, and for other 
purposes of a similar nature. 
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Sal ammoniac was first procured from the ane 
of animals, a process long carried on in Egypt. 
is now, however, prepared by the decomposition of 
substances containing its ingredients. The method for- 
merly practised by the late Dr Hutton, consisted i 
adding oil of vitriol to soot, filtering the mixture, ant 
evaporating to dryness. ‘The residuum was then mixed 
with sea salt, subjected to heat in a close vessel, to which 
a top was adapted, and into which sal ammoniac was 
sublimed and condensed. Coal, when burned, yields a 
considerable quantity of ammonia, formed by the union 
of hydrogen and nitrogen, which exist in it, so thats 
when sulphuric acid is added to soot, it combines 
with the alkali, and forms a sulphate, which, when 
mixed with sea salt, undergoes decomposition, and. 
muriate of ammonia and sulphate of soda are the pro- 
ducts. } 
Another mode of preparing sal ammoniac, is by the de- 
composition of the ammoniacal fluid given off during the 
preparation of coal gas, and which is collected in a parti- 
cular part of the apparatus destined for that purpose. 
(See Coal.) It is a hydro-sulphate of ammonia, so that, 
when mixed with sulphuric acid, it becomes a sulphate. 
and is then decomposed by sea salt, as already described 
In some places, muriate of ammonia is prepared by t 
direct union of its ingredients, the alkali being procure 
by the decomposition of animal matter, which, when heat- 
ed, gives off ammonia, by the union of part of the hydro- 
gen and nitrogen always existing in it. For this pur 
pose, old bones, horns, hoofs, &c. are subjected to heat 
in a retort, and the ammonia, disengaged, is conveyed into 
a large leaden chamber, into which also is thrown muria- 
tic acid gas, derived from the decomposition, either of 
sea salt or of the dittern of sea water, and which contains 
muriate of magnesia. 
Sal ammoniac is employed abundantly in the arts. Its 
use in preparing aqua regia, and for generating cold, 
has been already noticed. It is used in soldering some 
of the metals, and in tinning iron and copper, a layer of 
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the salt being put on the metals, to prevent the action of 
the air at the temperature to which they are subjected. 
It is used also by dyers in preparing some of their dyes, 
and it is decomposed so as to make it yield its alkali. 
(See Lime. ) 


HypRIODATES. 


_ The hydriodates of potassa and soda are formed in the 
process for procuring the iodates, (p. 419.) But with 
their properties we are little acquainted. Like the other 
hydr-acid salts, when sub) ected to heat, they undergo de- 
composition, and become iodurets. 

Hydriodate of ammonia is formed by the direct union 
of the ingredients. 

When detailing the properties of carbonate of soda, it 
was mentioned that kelp, from which the carbonate is 
frequently procured, contains iodine. It exists in it as 
a hydriodate, or rather ioduret, by the decomposition of 
which it is always obtained. For preparing it, ‘the 
saline matter left on the evaporation of the solution 
of kelp, and from which the free alkali has been removed 
_ by the oil in the manufacture of soap, is put along with 
an equal quantity of sulphuric acid into a retort, to which 
‘areceiver is adapted. On the application of a slight 
heat, iodine vapour and sulphurous acid come over, the 
latter of which escapes, while the former is condensed in 
the cool part of the apparatus, in dark shining scales. 


To purify it, it is again placed into a retort, with a little - 


water, and distilled off, the water being used with the 
view of retaining any adhering acid. 

In this experiment, the ioduret in the kelp salt becomes 
hydriodate, by decomposing the water of the oil of vitriol, 
upon which the sulphuric acid then acts. Part of it 

unites with the alkali, and disengages hydriodic acid, 
- but which is also decomposed, its hydrogen uniting with 
oxigen from the remainder of the sulphuric, to form wa- 
ter, and thus liberating iodine and sulphurous acid. 

As the sulphurous acid in this process is very offensive, © 
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and apt to carry off some of the iodine with it, it has been 
proposed to prevent its formation, by presenting to the — 
hydriodic acid a substance which parts with its oxigen | 
easily, and for this purpose, the metallic compound call. | 
ed black oxid of manganese is used, which, when acted - ' 
on by sulphuric acid, with the aid of heat, gives off oxi. 
gen. <A mixture of 1 part of this oxid, and 2 of each of | 
the other substances, is placed into the retort, and heat | 
applied, the hydriodic acid from the salt, and oxigen — 
from the oxid, coming off together ; the latter unites with | 
the hydrogen of the former, and produces water, while | 
the iodine escapes in vapour, and is condensed in the cool _ 
part of the apparatus. J : 
FLvuates. * | 


Fluoric unites with the alkalies, and forms a class of | 
salts called flwates, the properties of which have not been : 
minutely examined. ‘- | 

Fluate of Potassa, prepared by the saturation of the | 
acid with potassa, has a sharp taste, and soluble in water. 
It undergoes watery fusion, and is deliquescent. When 4 
the solution is evaporated to dryness, the salt probably 
becomes fluorid of potassium. It is decomposed by sul- 
phuric acid, which unites with the base, and disengages 
the acid. aed 


Fluate of soda, formed by a similar process, is also so-' 
luble ; but it decrepitates by heat, and does not suffer any 
change on exposure to air. It. is also decomposed by — 
sulphuric acid. : | 

Fluate of ammonia is also soluble, and, during its so- 
lution, undergoes decomposition, owing to the expulsion 
of part of the ammonia. When heat is applied to the | 
dry salt, it is volatilized. 


¢ 


The salts formed by the union of hydro-cyanic acid): 


| 
| 
: 
| 
Hypro-CyanarTeEs. | 
and the alkalies, called hydro-cyanates, are kept with very 
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great difficulty, being so easily decomposed. They are 
all formed by the neutralization of the acid by the alka- 
lies. 

Hydro-cyanate of potassa is soluble in water, its solu- 
tion changing blues to green. It is decomposed by acids, 
which unite with its alkali, and set hydro-cyanic acid. 
free. When exposed to heat, it undergoes the same 
change as the muriate, the hydrogen of the acid and oxi- 
gen of the potassa uniting to form water, while the 
cyanogen and potassium yield cyanuret, and which, 
when thrown into water, again becomes hydro-cyanate. 

| Hydro-cyanate of soda is similar in its properties to 
that of potass. 

Hydro-cyanate of ammonia is also soluble, and may 
be obtained from its solution in crystals, which are 
go volatile, that at a temperature of 72, the vapour 
rising from them will support a column of mercury of 
about 15 inches, and at 97, one of about 30, so that 
it is equal to the pressure of the air itself. This hydro- 
cyanate may also be obtained, by subjecting Prussian blue 
to heat, in a small retort, by which slender crystals are 
deposited in the cool part of the apparatus. 


Hypro-SuLpHo-CYANaTEs. 


The hydro-sulpho-cyanates are in general prepared by 
the decomposition of the salt called Ferro-cyanate, or 
Prussiate of Potassa, and which contains an acid, having 
cyanogen and iron as its base, in union with hydrogen, 
For this purpose equal weights of flowers of sulphur and 
the salt are exposed to heat, by which the mixture is 
fused and inflamed, and, having allowed the combus- 
tion to cease, it is to be kept on the fire for two or three 
minutes longer, and well stirred. It is then sulpho-cya- 
nate, or rather hydro-sulpho-cyanate, the sulphur having 
combined, partly with the iron, to form a sulphuret, and 
partly with the cyanogen and hydrogen, to produce 
hydro-sulpho-cyanic acid. According to some, however, 
the substance obtained in this process is not a compound. 
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salt, but a sulpho-cyanuret of potassium, and becomes a 
salt when thrown into water, by the oxigen uniting with | 
the potassium, and the hydrogen with the sulpho-cyanu- | 

et; if so, the body employed in its preparation must be | 
considered a ferro-cyanuret of potassium, so that the sul- 
phur. will combine partly with iron, partly with the cya~ — 
nogen, and that produced by the latter will be left in | 
union with the metallic base. The solution of the sul- 
pho-cyanuret, of course, containing a hydro-sulpho-cya~ 
nate, yields, on evaporation, transparent crystals, which 
are very deliquescent. When acted on by acids, it is dex | 
composed, and hence the method of procuring its acid. | 


For this purpose a concentrated solution of the salt is 
mixed with as much sulphuric acid as will saturate the 
potassa, and the mixture being put into a retort, is sub- 
jected to distillation, by which hydro-sulpho-cyanic acid. 
comes off, and may be condensed in a cool receiver. . 

The hydro-sulpho- -cyanate contains an atom of each of 
its ingredients; and as there is an atom of oxigen in 
the oxid, and of hydrogen in the acid, hence, when dried, 
the latter forms water, leaving sulpho-cyanuret of pou 
assium. 


| 
| 


Hypro-X ANTHATES. 


It has been already mentioned, (p. 283.) that when — 
sulphuret of carbon is treated with an alcoholic solution } 
of potassa, the alkali is found to be united to an acid | 
containing hydrogen in union with sulphur and carbon | 
as a base, and which has been called xanthogen, from — 
the yellow colour of some of its compounds.—Hence the 
method of forming hydro-xanthates. For this purpose 
the sulphuret is added, in small successive portions, to 
the alcoholic fluid, till the whole of the potassa is neutra- 
lized, after which it may be made to yield crystals, either 
by reducing its temperature, or by evaporation under an 
exhausted receiver along with sulphuric acid. 

The hydro-xanthate thus prepared, is in necidla.formedi 
colourless crystals, but which become yellow by exposure’ _ 
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to air. It has a peculiar odour, and a sulphureous taste. 
It is soluble in water, affording a solution at first trans- 
parent, but soon becoming turbid, from the decomposi- 
tion of part of the acid. ' 

When subjected to heat in close vessels, it is decom- 
posed, an oily fluid being distilled over, along with a 
gaseous matter, consisting of carbonic acid and sulphu- 
retted hydrogen. When heated in air it is kindled, and 
burns with a bluish flame. 

On the addition of diluted sulphuric or muriatic acid, 
a heavy oily-looking substance is deposited, which is 
hydro-xanthic acid; and hence the method of preparing 
it, merely by the addition of the diluted acid, till the 
alkali is saturated with it. 


SECTION IX. 


SUBSTANCES FORMING SALIFIABLE BASES, 
COMMONLY CALLED EARTHS. 


Tue earths are solid brittle substances, whité, inodo- 
rous, and in general insipid. They are not affected by 
heat, unless very intense. With the exception of two, 
they are sparingly soluble; indeed, some are insoluble. 
They are not inflammable. Their sp. gr. never exceeds 
4500. " 

The greatest part of the surface of the globe consists 
of the earths; they are therefore of peculiar interest, = | 
only from their abundance, but from their use in agricul- 
ture, medicine, and the arts. When we takea superficial — 
view of the fossils composing the crust of the globe, wee 
perceive an immense variety ; but when we examine them 
chemically, we find that the diversity is occasioned by 
the combination of few substances. The earthy bodies 
do not exceed eleven in number, and of these, six are 
rarely met with; so that, by the union of five, almost ; 
all fossils are produced. 

The earths are, lime, magnesia, baryta, strontia, alumi- 
na, silica, yttria, zirconia, and glucina, to which have been 
lately added, lithia and thorina. They have been divided — 
into two classes, the alkaline earths, and the earths pro- 
per,—the former so called because they are soluble in 
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water, and their solution changes vegetable blues to 
green,—the latter, because they are insoluble. 

The earths, like the fixed alkalies, were long considered 
simple bodies. After the discovery of the composition of 
the latter, Sir H. Davy was naturally led to suppose 
that the former might be similar in their composition ;— 
that they might be compounds of a metallic base and 
oxigen, a supposition which has been verified by experi- 
ment. The metallic bases of some of them have been 
obtained in their separate state, and, though those of the 
others have not yet been got pure, yet the results of their 
analyses prove, beyond doubt, that in their composition 
they are the same. 


CALCIUM. 


After Sir H. Davy had discovered the compound 
nature of potassa and soda, he endeavoured by a similar 
process to ascertain whether lime was, like them, compos- 
ed of oxigen and a metallic base. By subjecting it to 
the action of a powerful galvanic battery, it seemed to 
be decomposed. About the same time Berzelius and 
Pontin succeeded in decomposing it, by negatively elec- 
trifying it while in contact with mercury, by which the 
metallic base was procured; and by this process, slightly 
modified, Davy succeeded in obtaining a sufficient quantity 
to enable him to ascertain a few of its properties. He 
made a thick paste of lime and red oxid of mercury, and 
placed it on a platinum cup, connected with the positive 
end of the trough. A cavity was then made on its sur- 
face, into which a globule of mercury was. poured, and by 
connecting this with the wire from the opposite end, an 
amalgam was obtained, consisting of the mercury and 
the metallic base of the lime, and which, when heated in 
tubes with naphtha, gave off the mercury, and left the 
other pure. To this the name of calcium has been given. 

Calcium was white like silver ; when exposed to air, it 
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attracted oxigen, and formed lime. When heated in 
air, it burned with brilliancy, also forming lime. 
According to the experiments of Berzelius, lime is com- 
posed of 
calcium, . r - 100 
oxigen, eo bicesd ¢ 38.57 
From the experiments of Dr Thomson, the atomic 
weight of calcium is 25, } 


and as 100: $8.57: : 25: 9.6; a 

so nearly 10, that we may consider lime as composed of 45 
1 atom calcium, - ‘ - 25 

1 atom oxigen, d ‘ . 10 be 

pais ‘’ 

and its atomic weight 35 7 

Lime. 


Lime is .by far the most useful and abundant of 


the earths. When pure, it is white, moderately hard, 
and brittle. It has a hot pungent taste, and corrodes 
powerfully both animal and vegetable matter. Its sp. gr. 
is 2300. When exposed to the heat of a powerful fur- 
nace, it is not fused ; but it may be liquefied by the oxi. 
hydrogen blowpipe, and it then forms a transparent 
glass. 

It has a very powerful attraction for water, absorbing — 
it with great avidity, and the action between them is pe- 
culiar. Whea water is poured on it, it is absorbed with 


a hissing noise, the lime becomes warm, swells, and at 


last falls down in powder ; at the same time heat is gene- 
rated, sufficient to drive off part of the fluid in vapour. 


If the quantity is considerable, the heat becomes very high, | 


as there are well-authenticated instances of ships having 
been set on fire by the lime with which they were loaded 


having absorbed water, owing to the vessel being leaky. 


If the process be conducted in the dark, light is also 
emitted. The evolution of heat, and the pulverisation of 


the lime, are easily accounted for. The water, by uniting 


with the earth, becomes solid, and of course gives forth its 


“& 
x ihe 


| 


eh ‘ 
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latent caloric, and as the temperature is sufficient to form 
vapour, the expansive force of this separates the particles, 
just as in common cases of decrepitation. ‘This process 
is called the slaking of lime ; the compound is slaked 
lime. It is of course a hydrate. 

According to Dalton, 100 of lime absorb, during slak- 
ing, 33.3, and according to Berzelius, 32 of water, the last 
of which we are to consider as nearest the truth, for if 
the hydrate bea chemical compound, the ingredients must 
be in atomic proportions. 

And as 100: 32:: 35: 11.20; 
so nearly 11.25, that we must consider the hydrate to 
consist of 


1 atom of lime, 35 
and 1 atom of water, . 11.25 
making 100 to absorb ‘ 32.14. 


Though lime has a powerful affinity for water, it is. 


but sparingly soluble, and, what is very remarkable, it is 
more so in cold than in warm water. According to Dal- 
ton, at 60 it requires 778, and according to Philips 752, 
for solution. Dalton states that water at 60 dissolves 
1-788th of pure lime, and 1-584th of slaked lime, but at 
212, only 1-1270th of the former, and 1-952d of the lat- 
ter. Hence, if a cold solution be boiled, excluded from 
air, minute particles of lime are deposited, 

It is evident from this, that crystals cannot be obtained 
by the evaporation of a warm solution, but Gay Lussac 


succeeded in procuring them by keeping lime water under 
an exhausted receiver along with sulphuric acid. ‘They , 


were in the form of minute hexaedrons, and consisted of 
lime with water of crystallization in the same proportions 
as those of slaked earth. 

Lime water is transparent and colourless. It has a 
styptic taste, and, like the alkaline solutions, has the 
power of changing vegetable blues to green, and hence 
it is that lime has been considered an alkaline earth. 

When lime water is exposed to air, 1t very soon ac- 
quires a crust on its surface, and if the fluid be shaken 
occasionally, the whole of the earth is deposited in the 
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form of carbonate, owing to the absorption of carbonic — 
-acid from the atmosphere. That the lime is removed, is | 
proved by the loss of taste, and by the want of action © 


with vegetable colours. Hence the necessity of keeping 


the solution in well-stoppered bottles. The best method | 
of having a store of lime water, is to put a considerable — 
quantity of slaked lime into a large bottle, which must — 


be always kept full, water being poured in when any of 


the solution is taken out, by which means, should any of 


the earth be deposited in the form of carbonate, the water 
can dissolve more, and thus remain always saturated. 
Lime itself, when exposed to the atmosphere, absorbs 


moisture and carbonic acid, by which it is gradually 
slaked and converted to carbonate; and hence also the 


necessity of keeping it excluded as much as possible from 
air. 
The action between lime and some of the simple sub- 


stances is important, more particularly with phospho-— | 


rus, sulphur, and chlorine. 


Phosphuret of Calcium. 


When phosphorus is made to act on lime in the dry 
way, a dark-coloured compound is formed, commonly 
called Phosphuret of Lime, but which is probably a mix- 
ture of phosphate of lime and phosphuret of calcium. 


For preparing it, a green glass tube, about two feet in 


length, and half an inch in diameter, shut at one end, is 
coated with clay and sand. At the shut end about a 


drachm of phosphorus is placed, and over this some 


pieces of lime, which must be brought to a red heat, by 
passing the tube through a chauffer, the phosphorus at 
the same time being kept cool. When properly heated, 
the phosphorus is then to be melted, and made to pass 
in vapour over the hot earth, by which the action takes 
place, and the phosphuret is formed. When cold, it 
ought to be removed, and kept in a well-corked phial. 

In this experiment, it is probable that the lime is de- 
composed, part of the phosphorus uniting with its oxi- 


gen to form an acid, while the remainder combines with 


the calciumto generate a phosphuret. 


\ 


| 
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The phosphuret thus obtained, is of a dark brown co- 
lour, and has a peculiar odour. The action between it 
and water is remarkable. When thrown into it, bubbles 
of gas are disengaged, which, the moment they escape 
into the air, are inflamed; they are therefore phosphu- 
retted hydrogen, the oxigen of the water having united 
with the calcium, and the hydrogen with the phosphorus. 

The action between phosphorus and lime, when water 
is present, is also important, phosphuretted hydrogen 
gas being evolved; and hence the method generally fol- 
lowed in procuring it. For this purpose, the bulb of a 
small retort, with a narrow neck, is filled with a thin 
paste of lime and water, and into it a few pieces of phos- 
phorus are afterwards introduced, and thrust into the 
mixture; on the application of heat, the mouth of the re- 
tort being kept in water, bubbles of gas begin to make 
their escape, and after these have continued to flow for 
some time, they may be collected in a small jar, or they 
may be allowed to issue from the water into the air, by 
which they are instantly inflamed. In this case, the wa- 
ter undergoing decomposition, gives its oxigen to part of 
the phosphorus to form an acid, which is left in union 
with the lime, and its hydrogen to another part to. form 
phosphuretted hydrogen. 


Sulphur and Lime. 


Sulphur does not act with lime when dry, but if mois- 
ture be present, or if they be boiled with water, there is 
a decomposition and formation of compounds with acids 
of sulphur, generated by its entering into union with the 
ingredients of the water. They will be described along 
with the salts of lime. 


Chlorine and Lime. 


The action of chlorine with lime is important. When 
it is passed over it at a red heat, oxigen gas is disengag- 
ed, and chlorid of calcium formed, for each volume of 
the former absorbed, half a volume of the latter being 


evolved. The chlorid of calcium thus formed, is com- 
VOL. I. rf 
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posed of 64 chlorine, and 36 calcium, and, like others 
already described, becomes muriate when thrown into 
water. 

When chlorine is passed through slaked lime,vit is gra- 
dually absorbed, and a powder is produced, long known 
by the name of ovi-muriate of lime, and now much em- 
ployed in bleaching; but different statements have been 


given of its composition, some supposing it a mixture of 


chlorid of calcium with muriate of lime, others a com- 
pound of lime and chlorine, and therefore a chlorid. 


It varies considerably, according to the manufactory — 
from which it is procured, so that it would appear 


not to be, strictly speaking, a chemical compound or i | 


chlorid, but merely a powder holding chlorine gas in a_ 


state of mechanical absorption ; an opinion which seems 
strengthened by the facts, that when slightly heated, 


chlorine is disengaged, or when exposed to air but fora | 


short time, its properties are completely altered. One 
sample analyzed by Dalton, contained 

23 chlorine, 

38 lime, 

39 water. 

100 
This substance, when thrown into water, is partly dis- 

solved. The insoluble matter consists almost entirely — 
of lime. The solution, which is transparent and colour- 


less, possesses the power of destroying colour, though 
by no means so much so as that of chlorine itself. If, — 
for instance, a little of it be added to any vegetable — 


infusion, the colour very soon disappears. ‘The same is 
the case with those of the animal kingdom, as with infu- 
sion of cochineal. When the colour is imparted to cloth, 
it is also banished by the solution, as may be shewn by 


putting some pieces of printed calico into it, and leaving — 


them there for some hours, for in this instance, a longer 
time is required, than when the infusion is used. It is 
from this power of destroying colour, that it is now so 


much employed in bleaching. 
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Before proceeding to describe the process as now con- 
ducted, it may not be uninteresting to detail the steps ac- 
cording to the old method, not only because in many parts 
they agree, but as it affords a good example of the great 
improvement which some of the arts have received from 
chemistry. 

The first part of the process, according to the old 
mode, was the srrEPinc, which consisted in keeping the 
cloth for some days in cold water, or in a very weak so- 
lution of potash, so that the impurities might be loosened 
and dissolved, the potash acting on the greasy matter, 
and forming with it a kind of soap, after which it was 
well washed. ‘The next operation was BUCKING, or boil- 
ing the goods in an alkaline solution, or what the bleach- 
ers call a ley, after which they were exposed on the 
ground for two or three weeks, and again bucked, wash- 
ed, and laid on the green, these being in general repeat- 
ed four or five different times, and the ley made gradual- 
ly weaker. After the cloth had been subjected to these 
different processes, it was next submitted to that of 
souring, which consisted in soaking it in milk that 
had been allowed to become sour, where it remained 
for two or three weeks, after which it was removed, and 
again subjected to the processes described, till it appear- 
ed to be quite cleaned, in the last washing, soap being 
generally used, by which this was more easily accom- 
plished. It has been already mentioned, that the alkali, 
in the process of bucking, loosened the foreign matter. 
The souring, containing a small quantity of acid, de- 
stroyed the properties of the alkali, by combining with 
it, and thus prevented it from acting on the cloth; at the 
same time, by washing between each operation, any ex- 
cess of alkali or acid was removed, and it was thus left 
in a state fit for being whitened by exposure to air. In 
this last part of the process, it was supposed to be the 
oxigen of the atmosphere that acted on the colouring mat- 
ter, and imparted whiteness. 

The bleaching process now described, was extremely 

Ff2Q 
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tedious. When begun in March, it was seldom finished — 
till September, and when the web was not sent till about | 
May, it was only half bleached that year, and finished in 
the spring of the succeeding. About the middle of the - 
last century, a great improvement was introduced, by 
substituting for sour milk, very much diluted oil of vi- 
triol, by which the process was shortened ; indeed, it was 
completed in about half the time, for each souring did — 
not require more than from 12 to 24 hours, whereas that | 
with milk continued for several weeks. The most im-— 
portant improvement, however, was the introduction of 
chlorine. Soon after this substance was discovered, Bers | 
thollet shewed that it might be used with the utmost — 
success in bleaching, and it was shortly afterwards applied | 
to this purpose in Great Britain. It was first used in the | 
gaseous form, the cloth being suspended in apartments” 
filled with it; but for which its solution in water was soon | 
substituted. ® | 

Though bleaching had thus received a very great im- 
provement, with respect to the shortening of time and | 
diminution of labour, it was found that the newly dis- 
covered substance proved extremely injurious to the 
workmen; other methods of using it were accordingly | 
tried, the first of which was that of combining it with so- 
lution of potass, or lime, which were equally efficacious, | 
without being in the least noxious, or even disagreeable; 
but it still possessed a disadvantage, the inconvenience of 
conveying it from the manufactory to the bleaching - 
ground. This was, however, soon obviated by Mr Ten- | 
nant of Glasgow, who discovered a mode of combining it 
with lime in its dry state, in which form it is easily trans-| 
‘ported in barrels. The bleaching compound now used, 
and generally called by bleachers oxi-muriate of lime, is ) 
‘prepared merely by passing the gas through slaked lime | 
kept in vessels, in-which it is constantly agitated by ma- 
chinery. After it ceases to be absorbed, the product is. 
removed, put into barrels, and as much as possible ex- 
cluded from air. | | 

In the process of bleaching as now conducted, the 
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cloth is submitted to the previous steps of bucking and 
souring, four or five different times, being well washed 
after each operation. It is then put into a solution of 
the bleaching compound, where it remains for some 
time, after which it is washed, and again submitted to the 
process of souring and steeping. This immersion into 
the bleaching fluid is repeated several times, according 
to the nature of the cloth, being soured, steeped, and 
washed, after each immersion. When these are finished, 
the cloth acquires a yellow tinge, but this is easily ba- 
nished, by exposing it on the ground for a few days, and 
again boiling it for a short time ina weak solution of 
potash and soap. 

Since the introduction of the bleaching compound, 
the whole process, even with large webs, never requires 
more than five weeks, and a small piece of cloth may be 
finished in a few days. Besides this very great improve- 
ment, the new process has other advantages ; the cloth is 
not so apt to be destroyed, for, in the old mode, the re- 
peated operations to which it was subjected tended to 
weaken it, whereas in this, the impurities only are re- 
moved. 

The process of bleaching now described, is that prac- 
tised with linen goods; with cotton there is no necessity 
for the latter part of it, as it does not acquire the yellow 
tinge by the use of the bleaching compound. 

The principal circumstance to be attended to in bleach- 
ing according to the new process, is to take care that the 
goods are well washed after each operation, and that the 
solution of the bleaching substance is not too strong, as 
it is then apt to injure the cloth. To ascertain this, 
bleachers have in general what is called a ¢est fluid, which 
is merely a solution of indigo in weak oil of vitriol. In 
preparing the bleaching fluid, it is made of such strength, 
that a certain quantity of it must destroy the colour of a 
known weight of the indigo solution. It is with the 
same view also, that weavers often run a coloured thread 
along the end of their goods, by which they know if the 
bleaching fluid has been of proper strength, for, when 
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properly prepared, it ought to bleach without destroying 


the colour of the thread. 
Before finishing this subject, it may here be fear eel 


that a solution of the bleaching substance is very effica- | 
cious for removing the yellow tinge, which linens al- — 


ways acquire by being worn. For this purpose, they are 
kept for a few days in a weak solution of it, and then 
well washed, the solution being prepared by dissolving 
a tea-spoonful in a choppin of water. It is also much 
employed for taking out ink spots from cloth, or paper. 
This is done by applying the solution, by means of a 
hair pencil, to the part soiled, and after it has remained 
on for some time, washing it off with cold water. Should 
the first process not succeed, it must be repeated, 


taking care to wash well Heese each application. It 


may even be applied to printed paper, or copper-plate 
impressions, as it does not act on the inks used by pea | 


ers and en eravers. 


Fluorid of Calcium. 


The mineral called fluor, or Derbyshire spar, was long 
considered a compound of fluoric acid and lime, in the 


proportions of 26 of acid, and 71 of base. Since the | 


views of Davy, with respect to the nature of chlorine, 
have been advanced, it is now supposed to consist of 
Jluorine and calcium, in the proportion of 

fluorine, 4.37 

calcium, 52.63 


ring both amorphous and crystallized. The crystals which © 
are of different colours, as blue, green, purple, and -yel- 
low, are cubes, but they vary considerably, owing to trun- 
cation and bevelment. Its sp. gr. is 3200. When gently 
heated, it becomes phosphorescent, and different coloured 
lights are emitted, according to that of the spar. When 
the heat to which it is exposed is strong, it is fused, ane 
becomes a transparent glass. 

The most important action of this substance is with 


» 


Fluor spar is an abundant natural production, occur- 


| 
| 
| 
| 
| 
| 
| 
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sulphuric acid, by which it is decomposed, and fluoric 
acid set free, and hence the method of procuring it. 

For this purpose, it is necessary to employ metallic 
apparatus, as of silver or lead, because when glass is used, 
the siliceous matter is dissolved by the acid. ‘The spar 

_ reduced to powder, is put into the retort, and two parts 
of oil of vitriol poured on it. A receiver is adapted and 
kept cool by ice and water, and on the application of 
heat the acid gas comes off, and is condensed. In this 
instance, if we suppose the spar to be fluate of lime, the 

“sulphuric acid and lime form a sulphate, while the fluo- 
ric acid with the water of the oil of vitriol come off; but 
on the supposition that it is fluorid of calcium, the action 
becomes more complicated. Between the fluorid and 
water of the oil of vitriol, there is a double decomposi- 
tion, the oxigen uniting with the calcium, and the hy- 
drogen with the fluorine ; the one to form lime, and the 
other fluoric acid, the former of which unites with the 
sulphuric acid, while the latter is disengaged, of course 
free from water. 

Fluorid of calcium is found also in minute quantity in 
bones, and in the enamel of teeth. 
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Lime unites with the acids, and forms some very in- 
teresting compounds, more particularly with carbonic, 
phosphoric, sulphuric, and muriatic acids. 


Carbonate of Lime. 


When carbonic acid water, or a stream of gas, 1s pass- 
ed through lime water, a white precipitate of carbonate 
is formed. ‘Though the carbonate can thus be procured 
by the direct union of its ingredients, it is never prepar-. 
ed in this way for use, being a very abundant production 
of nature. : 

Carbonate of lime was at one time supposed to be the 
earth in a state of purity; and as it was known to lose 
weight on the application of heat, it was imagined to 
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contain moisture, which was expelled. Various other con- 
jectures were thrown out concerning it, till Dr Black dis. 
covered its composition. He ascertained, that besides 
water, a gaseous fluid was also disengaged, which, with 
the watery vapour, made up the loss sustained; and | 
that, on again adding this. gas to the residue, a compound 
similar to that subjected to analysis was formed. 

Carbonate of lime is insipid, inodorous, and inert, 
with regard to the animal frame. Its specific gravity is 
2700. It does not suffer any alteration on exposure to 
air. It is insoluble in water. When subjected to heat, 
it is decomposed, the acid is expelled, and the lime left 
pure ; and hence the method of preparing lime on a large 
scale, when required for building, or for agricultural | 
purposes. For this the limestone, broken to small pieces, 
is mixed with coal, and thrown into a kiln, in which a 
fire has been previously kindled, and the heat generated 
by the combustion is sufficient to drive off the whole of 
the acid. As the coal is consumed, the lime falls to the 
bottom, and is raked out through an opening below, 
while fresh portions of the mixture of coal and limestone 
are thrown in from above. In some places a sort of kiln 
is erected of bricks, at the bottom of which is placed 
straw or coal, and over this alternate layers of cecal 
and limestone, and the whole covered with turf, leaving 
apertures below for the admission of air, and a vent 
above for the escape of smoke. The fire beneath is 
then kindled, and the combustion allowed to continue 
till the whole of the coal is consumed, by which also the 
carbonic acid is driven off. ‘The lime is then taken out, 
and separated from the ashes. 

All the acids decompose carbonate of lime; they unite 
with the lime, and set free the carbonic acid, and hence the 
method of preparing this gas ; indeed, it is the one gene- 
rally practised. Pieces of chalk are put into a retort, 
and a little muriatic acid, previously mixed with about 
six parts of water, is poured on them ; there is an instant 
effervescence, and a gaseous fluid may be collected in the 
jar. That this is carbonic acid, is proved by putting 
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into it a lighted taper, which is instantly extinguished. It 
is in this way, also, that we know whether limestone has 
been properly burned, that is, whether the heat has been 
sufficient to expel the whole of the acid; for if recently 
burned lime be put into diluted muriatic acid, it will not 
effervesce if properly prepared. It is not to be expected, 
however, that the lime offered for sale should be entirely 
free from this; besides, by exposure to air, it will absorb 
it, which will cause a slight effervescence on the addi- 
tion of the acid ; if, however, the effervescence is great, we 
must infer that the burning has not been properly con- 
‘ducted. 

The composition of carbonate of lime, given by diffe- 
‘rent chemists, is very nearly the same. They all agree 
in meking it contain about 44 per cent. of carbonic acid ; 

and as 56: 44: : 35: 27.5, 


. so that it contains 


1 atom of acid, . 27.5 
1 atom of lime, ; 35. 
its atomic weight being 62.5 


It has been already mentioned, that when carbonic 
acid solution is poured into lime water, a white precipi- 
tate of carbonate of lime falls. If more of the acid fluid 
be thrown in, the powder disappears, and a transparent 
colourless solution of super-carbonate is formed. This 
changeon thelimg may also be shewn by breathing through 
a tube into lime water, by which, owing to the disen- 
gagement of carbonic acid from the lungs, the carbonate 
is precipitated ; and after this, by continuing the respi- 
ration, the fluid will again become transparent. When 
solution of super-carbonate is exposed to air, or when it 
is boiled, it becomes opake, owing to the expulsion of the 
excess of acid and precipitation of carbonate. 

The alkalies have no action with carbonate of lime. 
Some of the compound salts, however, decompose it. 
When heated with.muriate of ammonia, both are decom- 
posed, and a muriate of lime and carbonate of ammonia 
are formed, the latter of which being volatile, is sublim- 
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ed; and hence a method of preparing the carbonate as 
ordered by the Pharmacopeia. For this purpose we are 
ordered to use 

Muriate of ammonia, in powder, one part. 

Soft carbonate of lime, (chalk), dried, two parts. 

Having mixed them thoroughly, they are put into a 
retort, and sublimed into a cool receiver. 

In this case, more carbonate of lime is ordered than is 
absolutely necessary for the decomposition of the muriate, 
yet unless this excess is used, part of the latter is apt to 
sublime and come over with the newly formed compound. 

Carbonate of lime is a very abundant production of 
nature, occurring in different states, distinguished by the 
name of Calcareous Fossils. 'The different varieties of it. 
do not strike fire with steel; they may be scratched with 
a knife, and they all effervesce on the addition of an acid. 
Calcareous fossils are found in strata most abundantly | 
in the secondary. The least indurated kind is chalk, 
which composes strata of immense thickness, and often 
contains the remains of organic matter. When more in- 
durated, it is called Limestone, in which also are found 
animal and vegetable matter. When it becomes still 
harder, it forms marble, of which there i is a great variety, 
and in which also organic exuvis occur. Carbonate of 
lime is found also among the primary strata, and it oc 
curs likewise crystallized, under the name of Calcareous 
Spar. It is a very frequent ingredient also in mineral 
waters, more particularly in those in which there is a con 
siderable quantity of carbonic acid, and from which, oe 
the acid flies off, incrustations of carbonate are deposit- 
ed. Hence the formation of petrifactions, for when any 
vegetable matter, as a piece of moss, is kept for some ; 
time in a water of this kind, the deposited carbonate ad-— 
heres to it, and ultimately makes it appear as if it were 
converted into earthy matter: When the fluid drops from — 
the roof of a cavern, the carbonic acid flying off, leaves 
the carbonate, which, adhering to the roof, gradually 
increases in size from the water passing along it, and it 
thus forms stalactites. 'The shells of marine animals, and 
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the different kinds of marl, are also composed of carbo- 
nate of lime. 
As the different kinds of limestone vary in their com- 
position, it is of consequence to be able, by an easy pro- 
cess, to ascertain the quantity of lime; and this is in ge- 
neral done by driving off the carbonic acid from a cer- 


tain quantity of it. (See Appendiz. ) 
Phosphates of Lime. 


When phosphoric acid is added to lime water, or when 

an alkaline phosphate is mixed with a solution of any 
of its salts, a white precipitate of phosphate is form- 
ed. The phosphate is not, however, prepared in this 
way for use. It is an abundant production of nature, 
being the principal ingredient of bones. When these 
are exposed to heat, so as to burn off the animal matter, 
a white mass, retaining the form of the bone, is left, and 
which is the earthy phosphate very nearly pure. To ob- 
tain it pure, the bone ash must be reduced to fine pow- 
der, well washed with warm water, to carry off any so- 
luble salt, and then dissolved in diluted muriatic acid. 
On the addition of ammonia, a white precipitate of phos- 
phate of lime appears. 
_ Phosphate of lime is a white tasteless substance not 
altered by exposure to air, and insoluble in water. It 
may be subjected to a high temperature, without under- 
going any change, but if the heat be very violent, it be- 
comes soft. It has no action with oxigen, nitrogen, or 
inflammables. 

Some of the acids affect it, but the decomposition is 
not complete. The action with sulphuric acid is impor- 
tant, as by it a fluid, containing phosphoric acid, is ob- 
tained, and from which pure phosphoric acid, phosphorus, 
and phosphate of soda, can be procured. 

The process for procuring phosphate of soda by the 
decomposition of burnt bones, is a pharmaceutical one. 

The Edinburgh College orders 

Burnt bones, in powder, ten pounds ; 
Sulphuric acid, six pounds. 
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The bones and acid are mixed in an earthen pot, and 
afterwards diluted with water. The mixture is then 
digested for some days, and after putting in more water, 
is strained through a linen cloth. It is next concentra- 
ted by evaporation, and solution of carbonate of soda 
added as long as there is any effervescence, and after 
again filtering and evaporating, crystals of phosphate of 
soda are formed. 

In the first part of this process, the sulphuric acid de- 
composing part of the phosphate, unites with its lime, 
and disengages its acid, which then enters into combin 
tion with the undecomposed part, to form a soluble supe 
phosphate; so that, by washing the mixture, this is carried 
off, and on the addition of carbonate of soda, the excess 
of acid in the super-phosphate is saturated by soda, and 
converted to phosphate, while neutral phosphate of lime 
is precipitated ; carbonic acid is of course disengaged. 
The solution, after filtration, yields crystals of phosphate 
of soda, but it is necessary to have a slight excess of al- 
kali to favour the crystallizing process. The precipitat- 
ed substance will answer for the same, or for other pro- 
cesses, as it is pure phosphate of lime. 

If, instead of saturating the acidulous liquor with 
carbonate of soda, that of ammonia be employed, a 
phosphate of it is obtained, which, when evaporated to 
dryness, and exposed to a red heat, gives off its alkali, 
and its acid is left nearly pure. Hence a method some- 
times practised for procuring this acid. It is the one 
alluded to in p. 303. All that is necessary is, to evapo- 
rate the solution, and expose the residue to a red heat 
till ammoniacal vapour ceases to come off. ;. 

When the acidulous fluid, procured by the decomposi- 
tion of bones after evaporation, is heated with charcoal, 
the acid is deprived of its oxigen, and phosphorus is 
given off in vapour; and hence the method by which it 
is prepared. (See p. 298. ) gy 

Phosphate of lime is, according to Thomson, compos- 
ed of an atom of each of its ingredients, and as the 


PHOSPHATES OF LIME. 461 


atomic weights of these are the same, it contains equal 
proportions by weight ; that iS, 


1 atom acid, 35 or 50 
1 atom lime, 35 50 
its atom being 70 100 


Besides the uses of phosphate of lime as already men- 
tioned, it is employed in making cupels for the refining 
of gold and silver. It is used also in polishing metals, 
and for taking out greasy spots from cloth. 

If, after throwing down phosphate of lime by the ad- 
dition of the acid to lime water, more of the acid be add- 
ed, the precipitate disappears, and a transparent solution 
of super-phosphate is formed, which, on evaporation, af- 
fords a white saline mass, deliquescent and soluble in 
water, but not in acids. It contains double the quanti- 
ty of acid that exists in the neutral compound, and is 
therefore a bi-phosphate. 

The acidulous fluid obtained by the decomposition of 
bone ash by oil of vitriol, has a still larger propor- 
tion of phosphoric acid. It is a quadri-phosphate, or 
contains four times the acid that the neutral salt does. 
When evaporated to dryness, a saline mass is obtained, 
which, when exposed to heat, forms glacial phosphoric 
acid, used, as already mentioned, for yielding phosphorus. 


Sulphate of Lime. 


Sulphuric acid very readily unites with lime. If a 
little be poured on pieces of it, recently burned, in a 
crucible, they unite, and with the evolution of heat suf- 
ficient to drive off part of the acid in vapour ; and hence 
the necessity of putting on a shade the instant that the 
acid is thrown in. 

Sulphate of lime is not, however, prepared in this way 
for use. It is an abundant production of nature. It is 
a white insipid substance, and but sparingly soluble in 
water, requiring about 500, at a natural temperature, to 
dissolve it. The solution is transparent and colourless, 
and on evaporation, affords slender filamentous crys- 
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tals. It has no action with the simple substances, ex. 
cept with charcoal, by which it is decomposed at a red 
heat; and, provided there is no water present, sulphuret 
of calcium is formed ; the action being the same as with 
the alkaline sulphates, the carbon uniting with the oxigen — 
of the acid and earth. 

Potassa and soda decompose it, throwing down from 
its solution the lime in a state of purity, while the alka- 
line carbonates precipitate carbonate of lime. Though | 
the sulphate is thus easily decomposed by the alkalies 
mentioned, ammonia does not affect any change on it, for 
when added to its solution, there is no precipitation, and 
the same is the case with the other salts of lime. s 

Sulphate of lime is a natural production, known by — 
the names of Gypsum and Selenite. Its chief source is from 
the neighbourhood of Paris, where it composes immense 
strata, and from a particular use to which it is applied, — 
it is called Paris Plaster. It is in general of a pale red- 
dish hue, the colour being recumonriiie by some metal-_ 
lic matter; but is occasionally found quite white, in 
which state it is called Alabaster. Alabaster admits of 
a fine polish, and is often cut into ornaments, as vases 
and urns. Common sulphate of lime, when exposed to- 
heat, gives off water, which it contains, and is left pure; 
and when thus prepared, it has a very powerful attrac-— 
tion for water, with which it combines, and forms a hard — 
mass; from which property it is employed for taking 
impressions from moulds, and for making statues. For this — 
purpose, it is made into a thin paste, and poured into a 
mould, previously besmeared with a little soap or tallow, — 
to prevent them from adhering. It is left there till it 
becomes hard, and is easily removed. 

Paris plese when mixed with lime, is also employed — ig 
in forming ornaments for the ceilings of rooms, in which — 
state it is called stucco. In some places, particularly © 
where it is abundant, it is used as a top-dressing for grass — 
lands, and it is employed as mortar instead of lime. 
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H ydro-Sulphate and H: ydro-Sulphite. 


Both sulphuretted and super-sulphuretted hydrogen 
unite with lime, and form compounds, the latter im- 
portant from the uses to which it is applied. 

Hydro-sulphate may be prepared by passing a stream 

of gas through milk of lime, or by throwing into water 
the sulphuret of calcium prepared by the decomposition 
of sulphate by charcoal. Like other soluble hydro-sul- 
phates, it is decomposed by air. 
- A much more important compound is the hydro-sul- 
phite, (sulphuretted hydro-sulphuret.) It is prepared 
by boiling in water, 2 parts of lime, and 1 of flowers of 
sulphur, by which a dark coloured solution is formed, con- 
taining a mixture of sulphate and hydro-sulphite ; but as 
the former is very sparingly soluble, the greater part of 
it is deposited when the fluid cools. 

This solution is used for the same purposes as that of 
the alkaline hydro-sulphites, as in eudiometry, (p. 426.) 
and it is from it that precipitated sulphur is obtained. 
For this purpose muriatic acid is added as long as there 
is any precipitation, by which it unites with the lime, 
sulphuretted hydrogen flies off, and the excess of sulphur 
of the super-sulphuretted hydrogen is deposited. 


Muriate of Lime. 


Muriatic acid unites with lime, and forms an important 
compound. It may be procured in six-sided prismatic 
crystals, but it is usually got by the evaporation of its 
solution in the form of a white powder. It is very de- 
liquescent ; owing to which it is much employed for dry- 
ing gases confined over mercury, and for freeing them 
from moisture during their preparation, and which is 
done by passing them through tubes stuffed with it. It 
is very soluble, and during its solution generates cold. 

“It acts with great ease on snow and ice, particularly the 
former ; and as there is a rapid liquefaction, the reduc- 
tion of temperature is considerable ; and more particular- 

_ ly so, if they have been previously cooled, as when they 
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are kept in ice and sea salt, by which the temperature 
falls to —60; of course, if mercury in a tube be put 
into the mixture, it is very soon frozen. The residue of 
the operation is solution of muriate of lime; and will, 
on evaporation, yield it, ready again to be used for the 
same purpose. 

When muriate of lime is heated, it undergoes watery 
fusion; and, by the continuation of the heat, becomes 
chlorid. ¢ 

It is decomposed by some of the acids. On the addi- 
tion of sulphuric acid, muriatic acid gas is disengaged. 
If, instead of using the dry salt, a concentrated solution 
is employed, the mixture becomes almost solid. For this 
purpose, four measures of concentrated solution must be 
mixed with three of diluted oil of vitriol, (equal weights 
acid and water,) by which the sulphuric acid unites with 
the lime; and in forming sulphate or Paris Plaster, com- 
bines with the water, so as almost to become solid. 

The fixed alkalies, and the alkaline carbonates, decom- 
pose the muriate. It is not, however, decomposed by 
ammonia, and hence it is used as a test of the purity of 
aqua ammonie, for if this contain the smallest quantity 
of carbonic acid, it will give a precipitate on the addition 
of the muriate. 

Muriate of lime may be prepared by the addition of 
the acid to the carbonate; but, asitis a residuung in 
different processes, it is seldom prepared in this way. 

It has been already mentioned, that in the prepara- 
tion of carbonate of ammonia, muriate of lime is left in 
the retort, but mixed with carbonate of lime. From this 
it is easily procured by solution, filtration, and evapora- 
tion. 


Lime and Alkaline Salts. 


The action of lime on some of the compound salts, is 
interesting, from the valuable products obtained. From 
its powerful attraction for carbonic acid, it easily decom- 
poses the alkaline carbonates, depriving them of their acid, 
and setting the alkali free in its caustic state. Hence 
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the method of preparing the alkalies, and of procuring 
the agua potasse of the Pharmacopezia. 

The process ordered by the Edinburgh College, consists 
in using : 

Lime, eight ounces ; 

Carbonate of potass, six ounces ; 

Water, twenty-eight ounces. 

Twenty ounces of water are poured on the lime, and 
the remainder on the carbonate; and when the slaking 
is finished, they are mixed, and after corking the ves- 
sel, allowed to remain till cold. The mixture is then 
to be filtered, excluded from air, to prevent the absorp- 
tion of carbonic acid. For this purpose it is thrown into 
a funnel, the throat of which is stuffed with a linen rag, 
and covered with a plate; this is to be placed into a 
bottle, through a cork or piece of paper, to keep it as 
tight as possible, so as to prevent the admission of air. 
After the filtration has stopped, and the mixture in the 
funnel become hard, water is to be poured on it very 
eautiously, which, by its weight, forces out the solution 
still remaining in it ; and this must be repeated till thirty- 
six ounces have passed through, and which is known by 
having the bottle previously marked at the requisite 
height. Having procured the proper quantity, it must 
be well mixed, that it may be of uniform strength. 

In preparing solution of potassa, it is of consequence 
to know if the whole of the carbonic acid has been re- 
moved, and which is easily done by the addition of lime 
water, for if free from it, it will remain transparent, but 
if it still contains it, will become turbid from the depo- 
‘sition of carbonate of lime. 

The mode of obtaining potassa from the solution has 
been described, (p. 374.) 

As the common carbonate of potassa contains a great 
deal of soluble foreign ingredients, and as they are not 
removed by lime, they pass through the filter along 
with the potassa, and hence the solution itself is not pure, 
and the process by which pure potassa is obtained from 
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it is very troublesome and expensive. By employing bi- 
carbonate, an alkaline fluid is procured, from which the 
alkali is got free from foreign matter, merely by evapo- 
ration. i = 
As lime has a stronger attraction than ammonia for 
muriatic acid, it decomposes muriate of ammonia, uniting 
with its acid, and disengaging its alkali; and hence the 
method of preparing it either gaseous or in solution. To 
obtain gaseous ammonia, we must have recourse to a mie 
curial trough, or it may be collected sufficiently pure by 
the displacement of the air; but as it is lighter than it, 
we must use the precaution of inverting the receivers. 
For this purpose equal parts of slaked lime and. mu- 
riate of ammonia in powder are placed into a retort, 
(2d cut, p. 315.) On the application of heat, the amm«¢ - 
“nia is given off, bringing along with it the water of the 
slaked lime, which is condensed in the bulb, while the 
former flowing on gradually, oe down the air, and 
fills the receiver. 4 
‘The preparation of the aqua ammonia is a pharmaceue 
tical process. The proportions given by the Edinburgh 
College are, 


e ‘ ®, 
Muriate of ammonia, one pound ; ier 
Quick lime, one pound and a half; pal 
Distilled water, one pound ; — 


Water, nine ounces. 

After slaking the lime with the water, and having allen 
ed it to become cold, it is put with the salt into a retort, to 
which a bent tube is fixed, and made to pass through a tight 
cork into a receiver, containing the distilled water, and 
kept cold in the usual way, (1st cut, p. 315.) Heat is then 
applied through the medium of a furnace and sand bath, 
(or if small quantities are used, by a lamp,) till the gas 
ceases to come off. The ammoniacal solution thus pro- 
cured is of sp. gr. about 936. il 

In the decomposition of muriate of ammonia, muriate 
of lime, mixed however with pure lime, remains in the 
retort, but from which it is freed. by solution in warm 
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water and filtration, and again filtering after exposure to 
air for some time, to remove the dissolved earth by absorp- 
tion of carbonic acid. For most purposes, however, 
‘as when the muriate is to be used for generating cold, 
there is no necessity for the second filtration ; the solution 
‘may at once be evaporated to dryness. 

Lime is employed in large quantity in agriculture, 
either fresh, burned, or in the state of carbonate. When 
pure lime is mixed with vegetable matter, they act on 
each other, and form a sort of compost, part of which is 
soluble, and thus it renders nutritious what was formerly 
inert. It is in this way that it is supposed to act, (Davy’s 
Agricultural Chemistry,) in fertilizing soil that abounds 
in vegetable matter, as the roots and stems of the crop 
previously cut; of course, its action must be the same, 

when used for cultivating waste ground. Carbonate of 
lime, or limestone, has no action of this kind; on the 
contrary, it prevents the too rapid decomposition of ve- 
_getable matter, so that, when soil abounds with this, al- 
ready in the same state as that produced by the action 
of quick-lime, mild lime is used; and for this purpose 
marl is commonly employed. 

Lime is employed as mortar in two different ways, 
either for dry building, or for building under water. In 

_ preparing mortar for the former purpose, the lime is first 
slaked, and after being sifted, to free it from impurities, 
it is mixed with sand, and made into a paste with water, 

which must be well beat, that the materials may be inti- 
mately incorporated. 

It is a subject of common regret, that mortar, as now 

made, is far inferior to that used by the ancients; from 
which it is supposed, that they must have had some mode 
of preparing it with which we are unacquainted.. The 

imperfection in this.article is, however, to be ascribed 
more to carelessness, than to ignorance of a good method 
of making it; for when proper attention is paid to the 

“process, it can be procured equal to that in old build- 
ings. 3 : 
r ¢g2 
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The first thing to be attended to,: is the choice of thie 
lime, which, if possible, ought to be of a brownish co- 
lour, as it forms a harder cement than that nearly colour- 
less. It must of course be well burned, so as to be easi- 
ly slaked, after which it must be passed through sieves, 
that the stony impurities and unslaked part may be re- 
moved. It is also of material consequence to be particu- 
-lar with respect to the sand; the sharper and coarser it 
is, so much the better, as it requires less lime, and forms 
a harder cement than the finer kind. Pit-sand is prefer. 
able to that from the sea-shore, as the latter contains im- 
purities, which prevent the hardening of the mortar. 
The same is, however, the case with the former, if it con- 
tain clay, which it sometimes does; so that, when pit- 
sand is used, it must be chosen as pure as possible. Par- 
ticular attention must likewise be paid to the mixing of 
the materials, for the more intimately they are blended, 
the more completely does the mortar become hard. The 
mixture ought therefore to be well beaten with a wooden 
mallet, till it does not adhere to it. It is also the better 
-of being kept for some time, provided. it is excluded 
from the air, to prevent it from absorbing carbonic acid; 
for which reason it must be covered with sand, and be- 
fore it is used, it must again be beat up with the mallet. 

Another kind of mortar is employed for building under 
_ water, as that already mentioned does not harden in it. 
The substance used by the Romans for this purpose, is 
that called puzzolana, a light porous body, of a reddish 
colour, said to be lava from Vesuvius. In preparing 
“mortar with this, it is reduced to coarse powder, and 
mixed with lime, either with or without sand, in which 
state it very soon hardens, even under water. Of course, 
«the same precautions must be followed as in the prepara- 
tion of common mortar, with respect to the mixing of 
the materials. The best proportions seem to be about 
equal parts, by measure, of slaked lime and puzzolana. 
- In some cases, where the building is not much exposed, 
the quantity of the latter may be diminished, and sand 
substituted. The substance called tarras, made use of 
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by the Dutch, is merely a sort of whin-stone reduced to 
powder, and employed in the same way as puzzolana, 
but the proportions of the materials are different ; it is 
commonly mixed with twice its bulk of lime, to which 
occasionally three of coarse sand are added. Other sub- 
stances are sometimes used in this country for a similar 
purpose, as common whin-stone, and iron-stone, which, © 
when properly mixed with lime, afford a mortar that 
hardens under water. 

‘Connected with the use of lime in making mortar, is its 
employment in the preparation of cements. A cement is 
a substance used for joining bodies, or for covering them, 
to keep them from being acted on by fire or some other 
agent; of course ‘its nature differs according to the use » 
to which it is applied, but in many, lime forms a prin- 
cipal ingredient. The most common cement containing 
it, is that made of white of eggs. It is prepared by beat- 
ing wellj together equal quantities of white of eggs and 
water, and then mixing with it as much slaked lime as 
will bring it to the consistence of thin paste, in which 
state it is applied to the places to be joined. Or it may 
be spread on paper or linen, with which the juncture 
must be covered. Another way of using this cement, is 
to spread the white of eggs on paper, and sprinkle it with 
the powder of lime. Instead of white of eggs, a solution 
of isinglass or glue in warm water is sometimes employed. 

Though the cements mentioned are not apt to be affect- 
ed by water, they do not answer for preventing the 
escape of noxious vapours, others must therefore be used. 
The most common of these, is drying oil made into a 
thick paste with lime, or with white lead, which answers 
equally well; indeed, what is now commonly used, is 
merely white lead paint, which, when applied to junc- 
tures, becomes, after standing some time, quite hard, 
_ and is not acted on by water; hence its frequent use in 
cementing glass. A cement of a similar nature is made 
with cheese and lime. It is prepared by boiling in water 
the poorest skimmed milk cheese, till it becomes soft, 
after which the fluid is poured off, and it is then well. 
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kneaded, first in cold, and then in warm water, and mix- 
ed with quick-lime, in which state it is applied to the 
junctures. It answers well for joining pieces of earthen-. 
ware, glass, or marble. 

- Lime, from its powerful attraction for water, is employ-" 
ed for preserving substances that are liable to be in- 
_ jured by moisture, as deliquescent salts, or iron instru-— 
ments. or this purpose, a quantity of it is placed at” 


the bottom of a tin cannister, and over it the substances — 


to be kept dry. When the whole of it seems to be slak- 


ed, and which is known by its having fallen into powder, © 


it must be renewed. 
“Owing to the strong attraction of lime for carbonic 


acid, it is used for freeing gases of this elastic fluid, as- 


in the preparation of carburetted hydrogen, (p. 231.) | 
and in the manufacture of coal gas, (See.Coal.) From 
the same property, it is used also for ascertaining the 
quantity of carbonic acid existing in any gas, and which 
is done by a eudiometer, as in finding the proportion of 
oxigen by means of. the solution of hydro-sulphite of 

potass, filling the bottle with milk of lime, and using the 
same precautions as then mentioned, (p. 427.) | 


~ 
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Baryra, like the other earths, was, till the discoveries of 


Davy, considered a simple body. In subjecting it tothe ac- 


tion of his powerful’battery, he observed slight traces of 
decomposition, but he succeeded more effectually in decom-— 
posing it by a process similar to that by which lime was 

decomposed,—by negatively electrifying it with oxid of 

mercury. The result was a metallic-looking substance, 
of a dark grey colour, and heavier than sulphuric acid. 
When exposed to the air, it acquired a crust on its sur-— 
face. When gently heated, it burned with a deep red’ 
flame. When thrown into water, it excited a violent’ 
effervescence, instantly falling to the bottom, andbaryta’ 
was formed. ‘To this substance the name of Bariwm has: 
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been given. Its properties have not been farther exa- 
mined. 


BARYTA. 


Baryta was discovered by Scheele and Gahn in 1774. 
From the great weight of its compounds it was first call- 
ed terra ponderosa, which was afterwards changed to ba- 
ryta, derived from the Greek word fzeus, heavy. 

It isa greyish, porous substance, similar In its appear- 
ance to recently burned lime, but in its taste it is much 
more acrid. It corrodes animal and vegetable matter, 
and acts as a powerful poison. 

_ From the experiments of Davy and Berzelius, it ap- 
pears to be composed of 
| “barium, - 89.75 
oxigen, - 10.25 
and from the experiments of Thomson, (First Princ.) 
it contains an atom of each of its ingredients. If so, 
as 10.25 : 89.75: : 10: 87.5, 
so that the atomic weight of barium is, 87.5 
: of baryta, 97.5 

When baryta is exposed to air, it quickly attracts 
moisture, and falls into powder in the same way as lime, 
and it combines also with carbonic acid. Hence the ne- 
cessity of keeping it in well-stopped phials. 
~ The phenomena presented by the addition of water, 
are similar to those with lime, the earth being. slaked, 
but it gives out much more heat. 3 

Baryta is very soluble in water, which when cold dis- 
solves 1-25th, and when warm nearly half its weight of 
it. ‘The solution is transparent and colourless, and, like 
lime, changes vegetable blues to green. When exposed 
to air, it absorbs carbonic acid, and becomes muddy, 
from the deposition of carbonate. When a concentrated 
warm solution is allowed to cool gradually, crystals are 
formed, which are flat hexagonal prisms. These are so- 
luble in about 17 of cold water. When exposed to air 
they effloresce, and-when heated they undergo watery fu- 


479 BARYTA. 


sion; and hence they must contain a large quantity of 
water. It is supposed that baryta unites with three pro- 
portions of it, and forms different compounds. That 
with the largest is the crystallized earth; the second is 
obtained by heating the crystals to redness, by which 
they give off only half of their water; and the third is 
procured by the exposure of the pure earth itself to heat, 
for though strongly heated it still retains water. = 

Baryta requires a very intense heat for its fusion; 
that of the oxi-hydrogen blow-pipe being necessary. 

When heated in oxigen gas, or when the gas is 
passed over it in an incandescent tube, it imbibes it_ 
with avidity, and forms a greyish compound called 
peroard of barium, which, when thrown into water, gives 
‘off to it its excess of oxigen, and is reduced to the 
state of baryta. It was by this that Thenard prepared 
oxigenated water, or peroxid of hydrogen, (see p. 203.) 
For this purpose, he took 44 pints of water, and added 
as much muriatic acid as would neutralize 232 gr. of. 
baryta; 185 of the peroxid were then thrown, in suc 
cessive portions, into the acidulous fluid, kept cold by 
being surrounded by ice, by which muriate of baryta 
was formed, and the excess of oxigen communicated to_ 
the water. Sulphuric acid was next added, to precipi- 
tate the baryta in the state of sulphate, after which it~ 
was boiled with sulphate of silver, to throw down the~ 
muriatic acid. The oxigenated water, still containin 
sulphuric acid, derived from the sulphate of silver, after 
being mixed with baryta, by which this was precipitated, | 
was placed under the receiver of an air-pump, along with 
sulphuric acid, as in Leslie’s experiment for generating | 
cold, and concentrated by evaporation. It was thus 
procured, containing 475 times its volume of oxigen. 
(London Journal of Science, 1819.) 

The action between baryta and phosphorus, sulphur, — 
or chlorine, is the same as with lime, the water being de- | 
composed, and giving rise to the formation of compounds 
containing its ingredients. When also chlorine gas is — 
passed over baryta, at a red heat, oxigen is disengaged ; 
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for each volume of the former imbibed, half a volume of 
the latter is liberated, and chlorid of barium is the pro- 
duct. 


SaLts oF BARYTA. 


_ Baryta unites readily with the acids, and forms salts 
easily distinguished from those of lime. | 


Nitrate of Baryta. 


Nitrate of baryta may be procured by the addition of 
the acid to the pure earth, or, which is more economical, 
to the carbonate. It may also be prepared by adding it 
to the product of the decomposition of the sulphate, by 
charcoal, as will be afterwards described. By the eva- 
poration of the solution, crystals of an octahedral form 
are procured, the taste of which is acid. 

It is not altered by exposure to air. When subjected 
to a strong heat, it is decomposed, the acid being expel- 
led, and the earth left pure, and hence the method by 
which baryta is obtained. In conducting the process, 
the heat must not be very intense, because the earth, at 
a high temperature, is apt to attack the materials of the 
crucible. The product, when cool, must be removed, 
and kept in well-stoppered bottles. | 

Nitrate of baryta is soluble in 12 of cold, and in about 
8 of boiling water. 

It is composed of 

1 atom of acid, 67.5 or 59 
1 atom of baryta, 97.5 41 
its atom being 165. 100 

Besides being used for yielding the pure earth, it 1s 
employed in the purification of nitric acid. If, after 
diluting the acid with about 2 parts of distilled water, a 
precipitate appears on the addition of the nitrate, it con- 
tains sulphuric acid, the precipitate being sulphate of 
baryta. The nitrate must therefore be added as long as 
there is any precipitation, after which the powder may 
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be allowed to fall, and the supernatant fluid poured off ; 
or, which is better, it may be distilled. Of course, the 
original nitric acid, and that set free from the nitrate, 
come over together. 


Carbonate of Baryta. 
Carbonate of baryta may be formed by adding carbo- 


nic acid water to solution of baryta, or by mixing an 


alkaline carbonate with the nitrate. It is not, however, 
prepared in this way for use, being a native production. 
It is found crystallized and amorphous, the crystals va- 
rying much in their form. They are sometimes double, 


four, or six-sided pyramids, and occasionally hexagonal 


prisms. The sp. er. is 4300. 


' Carbonate of baryta is tasteless, and very sparingly _ 


soluble, requiring upwards of 4000 of water to dissolve 
it. It is poisonous, for which reason it is frequently used 
for poisoning rats. 

- The results of the action of heat differ according: as 
we employ the native or artificial carbonate. From the 
latter the acid is easily expelled, whereas from the for- 


mer it is not driven off but by the most intense heat, and 
which is supposed to be owing to the presence of water, 


which acts by its affinity for the earth. Hence, if steam 
be passed over the native carbonate, at a red heat, it is 
easily decomposed. According to the experiments of 
Klaproth and Rose, it is composed of 
1 atom acid, 215 6 VORRALA 
1 atom baryta, 97.5 78 
its atom being 125. 100 
All the acids decompose it, disengaging its acid, and 
uniting with its base; and hence a method of preparing 
the different barytic compounds, though this mode is 


not much followed, because the carbonate is: by no means. 


an abundant production of nature. 


es 
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Sulphate of Baryta. 


- Between sulphuric acid and baryta there exists a very 

strong attraction, so much so that it will seize it from 
any of its compounds. When the acid is thrown on the 
earth, they unite, and heat is evolved, sufficient to make the 
mixture red-hot. Sulphate of baryta is not, however, pre- 
pared in this way, being an abundant native production, 
occurring both in mass and crystallized ; of which there 
are different kinds, as the straight lamellar, the granu- 
lar, the columnar, the compact, and Bolognian heavy 
spar, the first the most abundant. 

Sulphate of baryta, whether artificial or native, is 
tasteless and insoluble. Its sp. gr. is 4400. When the 
latter is heated, it decrepitates, after which it is easily 
reduced to powder, and if the heat is very intense, it is 
fused. : 

Very different statements have been given of the com- 
- position of the sulphate, but it has of late been analyzed 
with great care, and the proportions of its ingredients as- 
certained with accuracy. The experiments of Kirwan, 
Aiken, Fourcroy, Berzelius, and Berthollet, very nearly 
agree in stating them at, 

acid $4, baryta 66, 
and which is:the composition according to the atomic 
doctrine ; uA 
: for as 34: 66:: 50:97; 
so that we may consider it composed. of 


1 atom of acid 50 or 33.89 
1 atom of baryta 97.5 | 66.11 
and its atom 147.5 100 


Sulphate of baryta, like other sulphates, is decomposed. 
_by charcoal at a red heat; by which the oxigen of both 
of its ingredients is removed, and sulphuret of bariwm 1s 
left. | 

The alkaline carbonates decompose it, and carbonate 
of baryta is formed ; and hence a method of preparing 
the carbonate when it cannot be otherwise’ procured, and 
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for which purpose one part of finely powdered sulphate 
is exposed in a crucible to a red heat, with three of - 
carbonate of potass. Though carbonate can thus be ob- 
tained, the whole of the sulphate is not destroyed, even. 
though the heat is continued; and though the soluble. 
matter can be washed away, yet the carbonate cannot be. 
separated from the undecomposed sulphate. The pro- 
cess is, however, practised, when the carbonate is re- 
quired for converting it to pure baryta, because the earth 
being soluble, it can be washed off from the insoluble. 
matter. 

Sulphate of baryta is also partially decomposed by 
muriate of soda and muriate of lime, and hence a method 
of preparing the muriate. (See Muriate. J 


Chlorate of Baryta. 


Chlorate of baryta is prepared in the same way as the. 
alkaline chlorates, by passing a stream of chlorine gas 
through solution of baryta; and of course the action is 
the same, the water giving its ingredients to the chlorine, 
to form muriatic and chloric acid, both of which combine 
with the earth. As they are both soluble, the solution — 
is boiled with phosphate of silver, by which muriate of _ 
silver and phosphate of baryta are precipitated ; so that | 
by filtration, chlorate of baryta is procured. | : 

This salt is valuable only as affording chloric acid 
by its decomposition, as pointed out by Thenard, (An. 


de Chim. xci.) For this purpose, sulphuric acid is add- _ 


ed to the solution as long as it causes precipitation of 
sulphate of baryta. The fluid, when filtered, supposing 
just the proper proportion of sulphuric acid to have been 
added, is pure chloric acid. 


Muriate of Baryta. 


Muriate of baryta is another important compound. 
It was first examined by Scheele, and afterwards by 
Crawford and Kirwan. It crystallizes in tables, occa- 
sionally in two eight-sided pyramids, joined by their 
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pases. It has a pungent taste, and when swallowed in 
‘large quantity, is poisonous. It is soluble in about 5 of . 
‘cold, and in less of boiling water. It is not altered by ex- 
‘posure to alr. When heated, the water of crystallization 
is expelled, and the oxigen of the earth, and hydrogen 
-of the acid, being also disengaged in the form of water, a 
chlorid of barium remains. 
Muriate of baryta, according to the most accurate 
analysis, consists of 
acid 32.17 earth 67.83 
that is, 
| 1 atom acid 46.25 
latomearth 97.5 


143.75 

and as when heated it is converted into chlorid by the 
loss of oxigen and hydrogen, it is evident that the chlorid 
thus formed must also contain an atom of each of its com- 
ponent parts ; and if so, its composition will be 


chlorine 45 or 984 
barium 87.5 66 
- 132.5 100 


Muriate of baryta is decomposed by sulphuric acid, 
and the alkaline sulphates, by which sulphate is precipi- 
tated. It is also decomposed by the carbonates, which 
throw down a carbonate. Owing to the ease with which 
it gives off its base to sulphuric acid, it 1s employed 
in the purification of muriatic, for which purpose its 
solution is mixed with it as long as there is any pre- 
cipitation ; and if the acid is required concentrated, it 
is subjected to distillation. 

Muriate of baryta may be prepared by the addition of 
muriatic acid to the carbonate ; but as this is not an abun- 
' dant production, we are frequently obliged to have re- 
- course to the decomposition of the sulphate. The pro- 
cess is pharmaceutical. 


The Edinburgh College orders two pounds sulphate, 


4°78 7 BARY TA. 


after being heated and reduced to fine powder, ‘to be ex- 
posed, with four ounces of powdered charcoal, to a red 
heat for six hours. The residue is then dissolved in 
water, excluded from air; and after the whole of the SO- 
Juble matter is extracted by repeated washings, muriatie 
acid is added to the solution, and, by filtration and eva- 
poration, crystals of muriate are obtained. | 
Very different statements have been given of the che- | 
mical changes accompanying the formation of the muri-_ 
ate. It was at one time supposed that there was in the 
first part of the process the decomposition only of the 
sulphuric acid, its oxigen being removed by the charcoal, — 
and that sulphuret of baryta was produced. It has been 
proved, however, by the experiments of Berthier, (An. — 
de Ch. et de Ph. xxii.) that in all those instances ial 
which a sulphate is decomposed by charcoal, both the 
acid and hase are deprived of oxigen, and that the sulphur 7 
and metallic matter are left in combination. Keeping 
this in view, along with the general law already so re- 
peatedly mentioned with respect to the action of water on _ 
sulphurets, we can easily account for the changes pro-— 
duced. When the sulphate, after being roasted, is heat-_ 
ed with charcoal, the oxigen of the acid and base come i 
off in the state of carbonic acid or oxid, while the ‘sul © 
phur and barium form a sulphuret, which, when thrown fe 
into water, becomes hydro-sulphate of baryta, and on 5 
the addition of muriatic acid to the solution, sulphuret- 
ted hydrogen is disengaged, and muriate is produced.) 
These decompositions may be explained, according to — 
the atomic doctrine: | : 


acid 1 = sulphur 1 
baryta 1 = barium 1 
so that, when deprived of its oxigen, it becomes 
sulphur 1 


barium 1 


1 atom sulph. bar. = 


I atom sulphuret barium == { 


This, when thrown into 


oxigen i rreswa 
8 becomes 


1 atom water = | 
(hydrogen 1 | 1c aes 


3 
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—_ f sulphur 1 
sulph. hyd. 1 = aivdropedl 


oxigen 1 
barium 1 
The hydro-sulphate, when decomposed by muriatic acid, 
loses its sulphuretted hydrogen, and becomes 
acid 1 
baryta 1 

Though these are the changes effected when the sub- 
stances are pure, yet it is difficult to get the sulphate 


latom hydro-sulphate —— | 
LParyta l= 


1 atom muriate = | 


completely converted to sulphuret. Owing to the mois- 


ture always existing in the charcoal, part of it is decom- 


posed, and gives rise to the formation of super-sulphuret- 
ted hydrogen, which unites with some of the baryta, so 


that when the product is thrown into water, there is both 


hydro-sulphate, and sulphuretted hydro-sulphate ; and 


hence it is, that on the addition of muriatic acid, there is 


always, in the common way of preparing it, a deposition 
of sulphur, from the disengagement and decomposition 
of the super-sulphuretted hydrogen. When, however, 
the sulphate and the charcoal are separately exposed for 
some time to a red heat, and are, after being mixed, im- 
mediately heated, a substance is procured, the solution of 
which, though it gives off sulphuretted hydrogen, does 
not afford any precipitated sulphur ; so that it must be a 
pure hydro-sulphate, and consequently the product of 
the decomposition of the sulphate, must be a pure sul- 


phuret of barium. 


Muriate of baryta may also be obtained, by exposing 
equal parts of the powder of the sulphate, and of muriate 


_of lime or of soda, to a red heat in a crucible, by which 


there is a double decomposition. The product by solu- 


tion and evaporation, affords crystals of the muriate. 


From the strong attraction of baryta for sulphuric 


acid, it is employed as a test of it, but instead of the 


pure earth, one of its salts is preferred, as the nitrate or 
muriate ; of course they are also used for ascertaining the 
quantity of acid existing in any solution. (See Mineral 


_ Waiters.) 
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STRONTIUM AND STRONTIA: 


STRONTIA was discovered by Dr Hope, in a mineral 
found in Strontian in Argyllshire, and which had been 
previously examined by Pelletier, who concluded that it 
contained baryta. In 1792, Dr Hope (Ed. Phil. Tr.) 
proved that the earth in it was different from the others 
then known, and gave it the name of strontites, which 
was afterwards changed to strontiana, and strontia; the 
last, the one generally adopted. Its existence was much 
about the same time proved by Klaproth and Pelletier. 4 

It is a porous greyish-coloured substance, similar in 
its appearance to baryta, having an acid taste, but nog 
poisonous. Its sp. gr. is 1600. 

Davy succeeded, by a process the same as that to whicl 
baryta was sti yaeiat: in decomposing strontia, and ob- 
tained a metallic-looking matter, to which he gave the 
name of strontium. When exposed to air, or thrown 
into water, oxigen was absorbed, and strontia was gene- 
rated. 

According to the experiments of Thomson and others, 
100 strontium combine with 18.18 of oxigen, to form 
strontia; and as this is supposed to be a compound. of 
an atom of each of its ingredients, the atomic weight of 
strontium will be 55, and of strontia 65, for as 

18.18 : 100 :: 10: 55, and 55 + 10 = 65. 

When strontia is exposed to air, and when water is 
“thrown on it, it presents the same phenomena as baryta, 
being slaked and giving out heat. It is not, however, so 
soluble, requiring 162 of cold water to dissolve it. The 
solution is transparent and colourless, and, like that of 
baryta and lime, changes blues to green, and absorbs car- 
bonic acid on exposure to air. It is much more soluble 
in warm water ; the solution, on cooling, depositing crys- 
tals, which are thin quadrangular plates grouped toge- 
ther, and containing about 68 per cent. of water. When 
heated, they undergo watery fusion. They are soluble 
in 513 of water at 60, and in about 2 at a boiling heat. 
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_On exposure to air they effloresce, and at the same time 
absorb carbonic acid. 

If the substance obtained by making the crystals un- 
-dergo watery fusion, be exposed to ared heat, it becomes 
fluid, but pure strontia requires the heat of the oxi-hy- 
drogen blow-pipe for its fusion. 

_ The action between strontia and the simple acidifiable 
bodies, is the same as with lime and baryta. 


SALTS OF STRONTIA. 


Strontia unites with the acids, and forms compounds, 
in which the difference between it and baryta is more 
easily observed, than in the pure earths themselves. 


Nitrate of Strontia. 


Nitrate of strontia is formed by the addition of diluted 
nitric acid to the carbonate, and evaporating the solution, 
by which crystals are obtained in the form of dodecahe- 
drons, composed of two six-sided pyramids, joined by 
their bases. It has a cooling pungent taste, soluble in 
its own weight of cold, and in half its weight of boiling 
water. : 

The composition given by Stromeyer, 1s 

acid, 50.64 or 1 atom 67.5 
strontia, 49.428 1 atom 65. 
the atom of the nitrate being 132.5 

Nitrate of strontia occurs also in union with water, 
forming a salt, crystallizing in acute rhombs, and efflo- 
rescent. It consists of 1 atom of acid, 1 of base, and 
4 of water. 
_ When nitrate of strontia is exposed to heat in a cruci- 
ble, it is fused, and if the temperature be increased, it is 
decomposed, the whole of the acid being expelled, and the 
earth left pure; and hence the method by which it 1s ge- 
nerally obtained, merely by heating the nitrate in an 
iron or platinum crucible, excluded from air, till acid 
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tee: cease to come off, and putting the product, “when 
removed from the fire, into a well-stoppered phial. 
Nitrate of strontia deflagrates when heated with inflam- 
mable matter, and during “Vhe deflagration, the flame as- 
‘sumes a beautiful red tinge, a character peculiar to the 
: salts of this earth; and hence an easy method of distin~ 
guishing them from those of baryta. On putting a crys 
tal of nitrate of strontia on the wick of a candle, the 
flame instantly becomes red ; whereas, when a barytic salt 
is used, there is very little change. For the success of 
this, however, water must be present. If, for instance, — 
‘when the red tinge of the flame has ceased, the wick - bi 
touched with water, it instantly re-appears, and this may 
be repeated several times. Hence also the use of nitrate eC 
of strontia in making red signal lights, which are prepare de 
-by mixing 34 parts of nitrate of strontia, 4 of s sulphuae 
1 of charcoal, and 2 of sulphuret of antimony, and to 
‘which there is sometimes added 2 of chlorate of potass, 
the last of which must of course be reduced to powder 
alone, and then mixed cautiously with the others. . 


Carbonate of Strontia. 4 
Carbonate of strontia may be formed by the addition 
of carbonic acid water to solution of strontia, or by mix- 
ing alkaline carbonate with the nitrate, by which a white : 
tasteless insoluble powder is precipitated. It is not, 
however, prepared in this way; being a native produc- 
tion. It occurs in Strontian in Argyleshire, where, as 
has been already mentioned, the mineral was found in 
which it was discovered by Dr Hope. It is generally 
massive, either fibrous or columnar, but it is occasionally 
erystallized. It is usually of a greenish colour. When 
exposed to a strong heat, its acid is driven off, and hence 
nother method of obtaining the pure earth; but for this 
purpose the artificial carbonate ought to be used, as from 
it the carbonic acid is more easily expelled than er the 
other. 


<q! 


— 
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© It is composed of. i 
acid, 80 or latom, 27.5 
strontia, 70 l atom, 65. 
the atom of the carbonate being 92.5 
All the acids decompose it, uniting with its base, and 
hence the method by which the different strontitic salts 
are formed. | 


Sulphate of Strontia. 


Sulphate of strontia may be formed by the addition of 
sulphuric acid, or an alkaline sulphate, to the nitrate, 
by which a white powder is deposited, differing from sul- 
phate of baryta in being soluble, though sparingly so, 
requiring 3840 of water, at a boiling heat, to dissolve it. 

According to Stromeyer, its composition is, acid 43, 
strontia 57, or an atom of each, which would make it 
43.47 to 56.53. 

Like other sulphates, it is decomposed by heat and 
charcoal, yielding a sulphuret of strontium, which, when 
thrown into water, becomes a hydro-sulphate; and, as 
this is decomposed by acids, hence another mode of form- 
ing the soluble compounds of strontia; for, after decom- 
posing the sulphate, and dissolving the product, we have 
merely to add to the solution the acid with which we wish 
the earth to combine, then filter, and evaporate. 

_. Sulphate of strontia is also a native production, occur- 
ring both massive and crystallized: It is found near Bris- 
tol, and in some parts of Sicily. 


Muriate of Strontia. 


- Muriate of strontia is-procured by dissolving the car- 
Donate in muriatic acid, but which must be diluted, be- 
‘cause the strong acid acts slowly on it; or it may be ob- 
tained by the addition of the acid to the solution of the 
decomposed sulphate. By evaporation slender prismatic 
crystals are deposited, having a sharp peculiar taste, 
deliquescent, and very soluble, requiring less than their 
-own weight of water, at a natural temperature, for solu- 
Hh 2 


14 1 NEG NBER! 307 278 


tion. When subjected to heat they lose Sian of | 40 
per cent. of water, and become chlorid. 

Very different statements have been given of the com- 
position of this salt. It is, according to Thomson, com-. 
a of | . ; | } 
| l atom acid, 46.25 or 22.98 
l-atom strontia, 65. 32.98 
9 atoms water, 101.25 41.04 . ¥ 

In exposing it to heat, in addition to the water of 
crystallization, that formed by the union of the hydrogen 
of the acid and oxigen of the base is also given off. 

The muriate, like the nitrate, tinges the flame of burn- 
ing bodies red. It is decomposed by the alkaline carbo- 
nates and sulphates which precipitate carbonate and sul+ 
phate of the earth. ae 

Strontia has no action with the alkalies. It decotill 
poses the alkaline carbonates and sulphates, depriving 
them of their acids. It is not put to any use. The 
only compound employed is the nitrate, which, it has 
been already said, is ert in the manufacture of red sig9 
nal lights. ; ; 


MAGNESIUM AND MAGNESIA. 

Axsout the beginning of the 18th century, a white 
powder known by the name of magnesia alba, was in com- 
mon use in the cure of some diseases, and was generally 
believed to be lime, till Hoffman, in 1'722, proved that it 
was altogether different from it, more particularly in the 
properties of its compounds. It was not, however, till 
‘the discoveries of Dr Black, in 1775, that we became 
“acquainted with its true nature. He first shewed that it 
contained an earth different from those then known, and 
to which the name of magnesia has been given. This 
‘term is still, however, applied by some to the other sub- 
‘stance; thus, the magnesia of commerce is that from 
‘which the pure earth is obtained, while the latter is. Be 
nerally sold by the name of calcined magnesia, or ma, 

sia usta. 
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» Davy succeeded in decomposing magnesia by a process 
similar to that by which the other earths were decompos- 
ed, but it was very tedious, and he did not procure the 
metallic matter pure from the amalgam, owing to its act- 
ing on the glass of the tube. Inone experiment in which 
the distillation was stopped before the whole of the mer- 
cury was expelled, a white metallic substance was obtain- 
ed, which, when exposed to air or thrown into water, ab- 
sorbed oxigen, and generated magnesia. To this the 
“name of magnesium has been given,—the only known 
compound of which with oxigen is magnesia; but the 
proportions have not been established by experiment. 
The atomic weight of magnesia is, according to Dr 
Thomson, 25, and as it is supposed to contain an atom 
of each of its ingredients, that of magnesium is 15, (25 
£210 = 15;) if so, its composition will be, 
endl magnesium 60, oxigen 40. 
- Magnesia is a white light powder without taste or 
smell, Its sp. gr. is 2300. It does not suffer any change. 
by exposure to the heat of ‘a powerful furnace, but it can. 
be fused by the oxi-hydrogen blow-pipe. ie ttiahe 
When exposed to air, it undergoes very little, if any 
change. Like other powders, it absorbs moisture, but it 
does not seem to attract carbonic acid, at least if it does, 
it must unite with it very slowly, for Butini found, that 
in the course of two years it increased only 1-144th in its 
weight ; in this respect, it differs from the earths already. 
described. ee LO 
It is very sparingly soluble, and in its solubility it, 
resembles lime, being taken up in. greater quantity by 
cold than by warm water. It requires 5142 of the for- 
mer, and no less than 36,000 of the latter to dissolve it ; 
hence a cold solution, the moment that it begins to boil, 
becomes turbid.. The solution is transparent and colour- 
less, and, like those of the preceding earths, changes 
blues to green. (Ed. Phil. Journ.) shghahed 
Though there is no particular action on the addition of 
_ water to magnesia, yet there is an affinity between them. 
“Ithas-been found. native in the state of hydrate, and 
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when thrown down from the solution of any of its salts, — 
it also retains water. The composition of the precipitats 
ed magnesia varies, and it does not seem, from any of 
the statements, that the ingredients are in atomic propor- 
tions. ‘The native compound is, however, a proto-hydrate. 
According to analysis, I have found it composed of 
earth 69.75, water 30.25, or an atom of each. (Ed. ae 
Journ.) 2 
Magnesia differs from the other earths ee no= | 
ticed, in not acting with sulphur and phosphorus. When 
chlorine is passed over it, oxigen gas is disengaged, and 
chlorid of magnesium remains, each volume of the for- 
mer consumed setting free half a volume of the latter. 


td 
SaLts oF MAGNESIA. ” 


Magnesia unites readily with the acids, and forms com- 
pounds, which in general are soluble, and differ much in 
their qualities from those of the preceding earths, and it 
possesses also the property of uniting — wie other 
bases, and rnb triple salts. | j 


oth 


Nitrate of Magnesia. | vile 


Nitrate of magnesia may be formed by astieratiigs the 
acid by the addition of the earth or its carbonate, and — . 
evaporating the solution, by which prismatic crystals — 
may be procured. These, on the application of heat, first — 
undergo watery fusion, and on the continuance of it, give 
off the acid, and leave the earth pure. 

According to Thomson, they are composed of 


1 atom acid, - 67.5 or 42.18 

1 atom magnesia, - 25— 15.64 

6 atoms water, - 67.5 42.18 
160 100 | 


Nitrate of magnesia is decomposed by the alkalies anil 
their carbonates. The action with ammonia is impor- — 


tant, because by it a triple nitrate of magnesia and feet 
nia is formed, which is depositéd in the state of a whi 
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powder, and which, like the nitrate, is decomposed by 
heat, the ammonia and acid being expelled. | 


Carbonate of Magnesia. 


Carbonate of magnesia, but not pure, may be obtained 
by the addition of an alkaline carbonate to a magnesian 
salt, by which a white light powder resembling the pure 
earth is precipitated. It is tasteless and inodorous. Of 
sp. gr. 2300. It is not altered by exposure to air. Sub- 
jected to a moderate heat, it becomes phosphorescent, 
and when the temperature is high, is decomposed, the 
acid being expelled, and the pure earth left, and hence 
the method recommended in the pharmacopeias for pre- 
paring it. All that is necessary is to expose it to a red 
heat ina crucible. It is from this method of procuring 
it, that pure magnesia is commonly called MANCSIA USttly 
or calcined magnesia. 

Carbonate of magnesia is soluble, though very sparing- 
ly so, and in its solubility it resembles the pure earth, 

being more soluble in cold than in warm water. The so- 
lution is transparent and colourless, and changes vege- 
table blues to green. | 

Different opinions are entertained with respect to the 
composition of the compound formed by the decomposi- 
tion of the magnesian salt by the alkaline carbonate. 
Berzelius considers it composed of carbonate and quadri- 
hydrate of magnesia, in the proportion of 3 of the for- 
mer tol of the latter. In other specimens, the composi- 

tion was different, which seemed to be occasioned by 
the mode of preparing it. 

Pure carbonate of magnesia occurs, native and anhy- 
drous. It exists in great abundance in Hindostan, where 
it forms immense mountains. According to the analysis 
of Thomson and Stromeyer, it is composed of | 

1 atom acid, 94.5 or 52.38 

: , 1 atom base, Q5 A7.62 
_ Pure carbonate of magnesia may also be formed ar- 
aah by passing a stream of gas through water, hold- 
‘ing magnesia suspended in it, and filtering and crystalliz- 
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ing it. It is more soluble than the common carbonate, 
requiring only about 48 of cold water to dissolve it. 
When exposed to air it effloresces, and becomes anhy- 
drous. According to Berzelius, it is composed of 
: 1 atom acid, 27.5 or 32 
1 atom earth, 25 28.6 
3 atoms water, 33.75 39.4 
All the acids decompose carbonate of magnesia, unit- 
ing with its base, and liberating its acid. When car- 
bonic acid gas is passed through water, holding it in sus- 
pension, a transparent solution is formed, commonly sold 
under the name of aerated magnesia water, and which is 
used for the same purposes as soda water. 
Carbonate of magnesia is used in medicine as a correc- 
tor of acidity, and in calculous complaints, in the latter of 
which it is generally taken in the form of the magnesia 
water. 3 


Phosphate of Magnesia. 


Phosphate of magnesia may be formed by the addition 
of an alkaline SHeephtite to a soluble magnesian salt, by 
which a white powder is precipitated, provided concen~ 
trated solutions are used ; but when they are diluted, the | 
phosphate is gradually deposited in slender six-sided 
prismatic crystals. 'T hey are sparingly soluble. They 
effloresce on exposure to air, and on the application of 
heat, lose their water of crystallization. | ia 

They consist, according to Thomson, of 

1 atom acid, 35 
1 atom base, 25 
7 atoms water, 78.75 

If to the solution of phosphate of magnesia, ammonia 
be added, a white precipitate of phosphate of magnesia 
and ammonia appears. It may also be formed by the ad- 
dition of ammonia, or its carbonate, to a mixture of dilut- 
ed solutions of phosphate of soda, and a magnesian salt. It 
is insoluble in water. When heated, it emits an ammo- 
niacal odour, and if the heat be strong, the whole of ie 
alkali is disengaged, and phosphate of magnesia remains. — 
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When heated with charcoal, the acid is decomposed, and. 
phosphorus distils over. ! 


Sulphate of Magnesia. 


Sulphate of magnesia is perhaps the most interesting 
of the magnesian salts. It may be procured by saturating 
the acid by the earth or its carbonate, but there is no 
necessity for preparing it in this way, being more easily 

‘obtained from other sources to be immediately mention- 
ed. It exists in many mineral waters, as those of Epsom, 
from which it has been called Epsom salts, and it occurs 
also in sea water, from which it is usually procured. 
For this purpose, the fluid that remains after the sea 
salt has been extracted, and which is called bittern, is 
evaporated, during which sulphate of magnesia is depo- 
sited. But besides sulphate, bittern contains also muri- 
ate of magnesia, and as from it muriatic acid is some- 
times procured for particular purposes, by the addition 
of sulphuric acid, the residue, on evaporation, yields crys- 
tals of sulphate. In those countries where minerals con- 
taining magnesia abound, the sulphate is obtained from 
them by exposing them to air and moisture, by which 
the sulphur they contain is acidified, and combines with 

the earth, so that by solution, filtration, and evaporation, 
erystals can be procured. oil 

Sulphate of magnesia crystallizes in quadrangular 
prisms, terminated by four-sided pyramids. It has a 
sweetish bitter taste. Provided it is pure, it is not alter- 
ed by exposure to air, but as usually obtained, it is deli- 
quescent. When heated, it undergoes watery fusion, 
and by continuance of it, the water is expelled, and the 
dry salt is left, which bears a most intense heat without 
becoming fluid. It is soluble in its own weight of cold, 

~ and 8-4ths of boiling water. | 

The composition of sulphate of magnesia has been 
differently stated by authors. According to the best 
analysis, it is composed of 
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acid, 32.72 1 atom, :50: «. ) >. ag 
base, 16.26 latom, 25 2 
water, 51.22 7 atoms, 78.75 
: 100 153.75 
Sulphate of magnesia is decomposed by the alkalies, and, 
some of the alkaline carbonates; and hence a method of 
procuring magnesia, or its carbonate ; the latter of which — 
is a pharmaceutical process. It consists in mixing the | 
solution of 4 parts of the sulphate with that of 3 of 
carbonate of potass, having previously filtered them. 
The mixture is then to be boiled and filtered, by which — 
carbonate of magnesia is procured. The reason for boil- 
ing, is to drive off any excess of carbonic acid, which — 
would keep part of the carbonate in solution. If, in- 
stead of using carbonate, a solution of bi-carbonate 
be employed, there is no precipitation, because the solu- — 
ble super-carbonate of magnesia is formed ; but on boil- | 
ing, the powder of carbonate is deposited. % 
On the addition of carbonate of ammonia to the sulphate 
there is no decomposition, because the affinity between — 
the acid and earth is too strong; and hence an easy me- 
thod of separating this earth from the others with which © 
it may be mixed. For instance, on adding the carbonate, 
the earths already described are precipitated, and on fil- 
tering and adding phosphate of soda, the magnesia will 
be deposited in the form of phosphate of magnesia and 
ammonia. (See Mineral Waters. ) et 


Muriate of Magnesia. 


Muriate of magnesia is a natural production. It ex- 
ists in sea water, and is that ingredient which imparts to 
it its bitter taste, and impairs its antiseptic qualities, 
When its solution is evaporated, acicular crystals are ob-. 
tained, soluble in about half their weight of water. It 
differs from other muriates in not becoming a pure chlo- 
rid when heated, for part of the acid is expelled. Ac. _ 
cording to Henry and Marcet, it constitutes about a 
part of the saline mass obtained by the evaporation of sea — 
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water. ‘The mode of removing it from the muriate of 
soda has been already described in p. 489. 

_ Magnesia is not put to any use, except in medicine, 
being employed for the same purpose as the carbonate. 
It abounds in the mineral kingdom. Magnesian fossils 
are in general soft, have an unctuous feel, and are al- 
most always of a greenish colour. Besides magnesia, 
they contain silica, which is in general in greatest quan- 
tity ; but it is the magnesia that gives them their parti- 
cular properties. Magnesia occurs also in combination 
with carbonate of lime, in what is called magnesian lime- 
stone, which is often mistaken for common limestone ; 
and as the magnesia is supposed to be detrimental in 
agriculture, it is of consequence to be able to distin- 


guish them. (See Appendia. ) 


LITHIUM AND LITHIA. 


Liruta was discovered by Arfvredson in the mineral 
called Petalite, and it has since been found also by the 
game chemist, in the minerals termed Spodumene and 
Lepidolite. It was first mistaken for soda; but an exa- 
mination of its properties soon proved it to be a distinct 
substance, different from any other then known. (An. 
de Ch. et Phys. x.) The name of Lithia has been given 
to it, derived from aséuos, lapideus, to distinguish it from 
the fixed alkalies; which are usually derived from vege- 
table sources. Though it is generally classed along with 
the alkalies, it seems more properly to belong to the al- 
kaline earths; for though itself resembling alkalies in its 
properties, yet its salts are not all soluble in water, 
which is the case with those of potassa, soda, and ammo- 
nia. For this reason I have brought it in with the so- 
luble earths. : 
Different methods have been recommended for procur- 
ing lithia, the simplest of which are those of Arfvredson 
and Berzelius. That of the former consists in fusing 

_ petalite with carbonate of potassa, dissolving in muriatic 
acid, evaporating to dryness, and treating the residue 
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with alcohol, by which muriate of lithia is dissolved; 
The muriate is then digested with carbonate of silver, by 
which muriate of silver is deposited, and carbonate of li- 
thia left in solution, from which the acid can be removed 
by lime, and by filtration and evaporation excluded from 
air; pure lithia is left. Berzelius prepares lithia by mix- 
ing the mineral with fluor spar and oil of vitriol, and 
heating the mixture till the whole of the fluo-silicic acid 
is driven off. The residue is then dissolved, by which 
sulphate of lithia is obtained, and from which the acid 
can be removed by baryta, and the earth left pure. 
Lithia, like the fixed alkalies and alkaline earths, con- 
tains a metallic matter in combination with oxigen. 
Davy, by subjecting its carbonate to the action of his 
powerful battery, succeeded in decomposing it, by which | 
minute globules of a metallic matter were formed, but 
which were almost instantly inflamed. The base thus 
evolved has been called Lithium, the only known com- _ 
pound of which, with oxigen, is lithia; but the propor- 
tions have not been determined by experiment. Thom. — 
son, (First Pr.) partly from his own experiments, and 
partly from those of Arfvredson, Berzelius, and Stro- 
meyer, has fixed the atomic weight of lithia at 22.5; and 
considering it a compound of an atom of each of its in< 
gredients, he considers that of lithium to be 12.5; if so, 
lithia must be composed of 55 of base to 45 of oxigen. - 
Lithia has an acrid taste, like that of the fixed alka- 
lies. It is soluble in water, forming a transparent cos 
lourless solution, which changes blues to green. It 
unites with the acids, and forms salts. The sulphate, 
nitrate, and muriate, are soluble in water, and the last 
also in alcohol, causing it to burn with a red flame. 
The carbonate is but sparingly soluble, requiring about 
100 times its weight of water for solution. Like the al- 
kaline carbonates, it changes blues to green, and gives off 
its acid to lime. When fused in a platinum crucible, it 
acts on it powerfully, like the nitrates of the alkalies. . 
Phosphate of lithia is insoluble, in this respect resem: i 
bling the earths. | a Bi . 
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ALUMINUM AND ALUMINA. 

- Tur salt called alam, which has been long in use in 
the arts, was soon discovered to contain sulphuric acid 3 
but the base with which it was in union, was not known. 
Newman supposed that it was lime; but Margraaff, in 
1754, shewed that it was an earth of a peculiar nature, 
and the same that exists in clay. He therefore gave it 
the name of Argil, which was afterwards changed to 
alumina, from its being the base of alum. It is some- 
times called also Fuller's Earth, from clay in which it 
exists in considerable quantity being employed by ful- 
ders. 

Alumina, when obtained from alum, differs in its ap- 
‘pearance, according to the method followed, particular~ 
‘ly with respect to the quantity of water in which the salt 
has been dissolved. When a concentrated solution has 
been used, the earth is in the state of a fine white pow- 
der; but if it has been much diluted, it forms a trans- 
parent gelatinous mass, containing a considerable quanti- 
ty of water, and for which it seems to have a strong at- 
traction, retaining it with great avidity. 

Davy did not succeed in decomposing alumina by gal- 
yanism, but he seems by other processes to have effected 
its decomposition. When it was subjected to the galva- 
‘nic influence along with potassa, metallic globules were 
procured, which, when thrown into water, generated po- 
tassa and alumina. When heated in the same way along 
with potassium, similar results were obtained. When 
also the vapour of potassium was passed over it at a red 
heat, potassa was formed, and minute globules appeared, 
which by the action of water generated alumina. From 
these experiments, there seems no doubt that alumina, 
ike the other earths, is composed of oxigen and a metal- 
lic base, to which the name of aluminum has been given. 

The composition of alumina has not yet been ascer- 
tained by direct experiment, nor has its atomic weight 
been fixed with certainty. Dr Thomson, from reasoning 
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founded on the composition of minerals, into which it 
enters as a component part, and from the decomposition 
of some of its salts, particularly alum, has concluded 
that the atomic weight of alumina is 22.5, and consider. 
ing it a compound of an atom of each of its ingredients, 
that of aluminum will be 12.5. ia 
When alumina is exposed to heat, it contracts, and as 
the contraction is in proportion to the intensity of the 
heat, and is permanent, Wedgewood has had recourse to 
it in measuring high temperatures, (po 1Gjto- 
Alumina does not suffer any change by the heat of a 
powerful furnace, but it can be fused by the oxi-hydros 
gen blow-pipe, and it then forms a semi-transparent glo. 
bule. etan : 
~ Alumina is insoluble; it seems, however, to have a 
strong attraction for water. As usually obtained, it con= 
tains half its weight of it, and if the atomic weight of | 
the pure earth be 22.5, this compound must be a bi-hy- 
drate ; for 22.5 is the number denoting 2 atoms of water. — 
When this is heated, it becomes a proto-hydrate, and on ; 
the continuance of the heat, pure alumina remains. — 
Hence probably the cause of the contraction occasioned — 
by a high temperature. Sega 
_ Alumina has no action with the simple acidifiable bo- 
dies, in this respect differing from the earths already de- 
scribed. } | aed 
Alumina unites with the acids; the only compound of 
any interest is that with sulphuric acid. When the acid 
is poured on the earth, a solution is formed, which, by 
evaporation, yields crystals of sulphate, and which were 
at one time supposed to be the same as alum. It is now 
known, however, that alum is a triple salt, and is various 
in its composition, according to the mode of preparation. 


Alum. 


Different varieties of alum have been enumerated, as 
sulphate of alumina and potass, sulphate of alumina and 
soda, sulphate of alumina and ammonia, the first of which — 
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is the most common; but the alum of commerce is fre- 
quently a mixed salt. 

Alum is in general obtained in fine large octohedral 
crystals; has a sweetish, astringent taste ; when exposed 
to a dry atmosphere, it efforesces, but in one of mode- 
rate moisture, it does not undergo any change. It is so- 
Juble in about 20 parts of cold, and in 3-4ths of its weight 
of boiling water. The solution is transparent and co- 
lourless, and possesses the property of reddening vege- 
table blues; hence it must contain an excess of acid. 
When subjected to a moderate heat, it becomes fluid, 
undergoing watery fusion; and by continuing the heat, 
the whole of the water is expelled, and adry, spongy 
mass is left, commonly called burné alum. If the tempe- 
rature to which it is exposed is high, part of the acid 
escapes ; the whole of it cannot, however, be expelled, 
even though the heat is continued. 

Different statements have been given of the composi- 
tion of alum, partly owing toa difference in it, occasion- 
ed by the mode of preparation, and partly also to the 
composition of sulphate of baryta, formed in the analysis, 
not having been ascertained with accuracy at the time 
that the experiments were made. They all, however, 
agree in considering it a triple salt of sulphuric acid, 
alumina, and potassa, with water of crystallization. 

The different analyses are, 


Phillips. Berzelius. Thomson- 
Acid, ~ 34.94 34.23 32.8 
Alumina, - 11.18 = 10.86 EY. 
Potassa, - 10.33 — 9.81 9.8 
Water, - 43.55 45. 46.4 


The analysis of Thomson has been frequently repeat- 
ed, and always with the same result, (First Pr.) ; so that 
we may consider it as correct. According to him the 
alumina and potass are in union with the acid, each form- 
ing neutral salts; and considering this the state of com- 
bination, he supposes alum to be a compound of 
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3 atoms sulphate of alumina, 217.5 

1 atom sulphate of potass, 110 
25 atoms of water, _ - ~~ eoheo 

its atomic weight being - 608.75 


The other varieties of alum, those containing soda and 
ammonia, have not been accurately analyzed, 

The action between alum and carbon is peculiar . and 
important. When exposed to heat with any substance 
containing it, as vegetable matter, it is decomposed, and. 
a black powder remains, which takes fire when exposed. 
to the atmosphere, from which property, and from its be- 
ing discovered by Homberg, it is called Homberg’s Pye 
ropherus. . 

To procure it, 3 parts of alum and 2 of brown sugar 
are heated in a ladle, by which they melt and swell con- 
siderably. The mixture is then to be well stirred, till it 
becomes dry, after which it is to be reduced to fine pow- 
der, and exposed to a red heat. For this purpose, it 
must be put into a small phial, the mouth of which is_ 
loosely stopped with a plug of clay , and having placed 
this in a crucible with sand, it is exposed to heat in a 
fire till a bluish flame appears at the mouth. After al 
lowing this to burn for about five minutes, the crucible 
must be removed, and the bottle corked as soon as pos- 
sible. z 

When the product of this experiment is exposed on a 
piece of paper to the air, it becomes red hot at different — 
places, which soon spreads over the whole mixture. If 
a little of it be thrown into a jar of oxigen gas, the com- 
bustion becomes more brilliant. ¥ 

It was lately imagined, that in exposing the alum with 
the vegetable matter to heat, the acid was decomposed, 
carbonic acid being evolved, while the sulphur united 
with the potassa, foomae what is commonly called a sul. 
phuret of potass, Sh was left mixed with charcoal ; 
and that, on exposure to air, the sulphuret rapidly ab- 
sorbed moisture, and generated heat sufficient to cause 
inflammation. Since the discovery of the composition of 
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potassa, it has been supposed that this is also decompos- 
ed, and potassium formed, which being in union with the 
sulphur, may unite with the oxigen either of the air 
or of its moisture, and thus kindle the charcoal ; a suppo- 
sition sufficiently probable, as it 1s known that some of 
the other salts containing potass, particularly when in 
union with a vegetable alkali, yield the same product ; 
besides, unless the alum contains potass, we fail in get- 
ting pyropherus from it. 

Alum is decomposed by the alkalies and their carbo- 
nates, both of which precipitate alumina, the latter even 
free from carbonic acid, there being apparently between it 
and the earth little or no attraction. Hence the method 
of preparing alumina. To a solution of alum in water, 
‘that of the alkaline carbonate is added as long as it will 
throw down a precipitate, which is then to be well wash- 
ed, dried, and exposed toa red heat. The alumina thus 
obtained is not, however, quite pure, still retaining a 
little potass. ‘To procure it free from impurities, Berze- 
lius recommends that the precipitate should be dissolved 
in muriatic acid, and again thrown down by ammonia ; 
and Gay Lussac states that he has obtained it pure by 
decomposing that species of alum which contains ammo- 
nia as its alkaline base, merely by heat. 

If, after having added potassa to solution of alum, 
with the view of throwing down the earth, more of it be 
put in, the precipitate disappears ; hence alumina is solu- 
ble in potassa, and the same is the case with soda. 

Alum is a native production. Alum ores contain, in 
general, sulphur, iron, alumina, and a small quantity of 
potass, and from» these alum is procured, the process dif- 
fering in different places. The simplest consists merely 
in exposing the ore, moistened, to the atmosphere, and 
stirring it occasionally, so as to present a new surface, by 
which the whole of the sulphur unites with the oxigen 
from the air, and becomes sulphuric acid, which then 
combines with the alumina and potassa to form alum. 
The remaining part of the process consists in washing the 
product, filtering, and evaporating, by which crystals are 
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obtained. In some places the ore is roasted, by burning 
it with coals or brushwood, and keeping it exposed to 
heat for a considerable time, by which also the sulphur 
attracts oxigen, and becomes sulphuric acid, to unite 
with the alkali and earth. When the ore does not con- 
tain potass, some of this must be added, otherwise alu 
is not formed. For this purpose, the residue of the o 
ration of soap-makers, which contains potassa in union 
with muriatic acid, is employed, and the alkali of whi 
unites with the sulphuric acid and alumina, to fo 
alum. 

Alum is used in large quantity in the arts). When 
added to tallow, it imparts hardness to it; hence it is 
used by candle-makers. When a little of it is mixed 
with milk, it makes the butter separate more quickly 5 
and wood or paper impregnated with it, as by soaking 
them in its solution, does not easily take fire. It is, 
however, used chiefly by dyers, in whose operations it 
serves a double purpose; it opens the pores of the cloth, 
and makes it fitter to receive the dye-stuff, and its earth 
unites also with the colouring matter, and thus renders it 
more fixed. That alumina hasa strong attraction for 
louring matter is shewn, by mixing solution of alum wit 
that of any colour, as madder or cochineal, and then add- 
ing potassa; the alumina is thrown down, taking with it ; 
the whole of the colour, with which it is intimately incor- - 
porated ; and hence a method of preparing some paints. e 

Other species of alum have been described, but their 
properties have not been particularly examined, and they 
are not put to any use. d 


* 


Aluminated Potass. © 


8 


It has been already mentioned, that alumina is soluble | 
in the fixed alkalies. The union may be effected by boil. | 
ing them in water, or by heating them together in a cru- 
cible, the former of which is most common. All that is 
necessary, is to boil solution of potassa on the earth till it. 
ceases to dissolve it, excluding the air to prevent absorp- 
tion of carbonic acid. The solution called aluminated 
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potass is transparent and colourless. On the addition. of 
an acid, the alkali is neutralized, and the earth is preci- 
pitated. The solubility of alumina in potass, forms an 
excellent method of freeing it from the other earths al- 
ready described, none of which are acted on by the al- 
kali; and hence a means of analysis frequently resorted 
to, (sce Mineral Waters. ) 

Alumina is a very abundant production of nature. 
Aluminous fossils have not any characters that can be 
assigned to the whole of them, they differ so much from 
each other. Some of the hardest and richest gems are 
almost entirely composed of it, and the different kinds of 
clay are nearly of the same composition. ‘The oriental 
ruby, sapphire, topaz, amethyst, and emerald, belong to 
t. class. all of which contain at least 90 per cent. 
with a little iron and silica. The oriental: sapphire has 
no less than 983. The most abundant of the alumi- 
nous productions, however, are the clays, among which 
are porcelain clay and potters’ clay, both employed 
in the manufacture of different sorts of earthen ware. 
‘These, along with alumina, contain lime, magnesia, sili- 
ca, and iron; the fusibility depends on the proportion 
of alumina, and the colour is imparted by the metal. 
SILICUM AND SILICA. 

_ Strica, or, as it is sometimes called, earth of sea sand, 
is, when pure, a white, tasteless, insoluble powder. When 
subjected to the action of a powerful galvanic battery, it 
does not undergo any particular change. Davy and Ber- 
zelius have, however, succeeded in decomposing it, by 
passing the vapour of potassium over it, at a red heat; 
by which potassa was formed, and a black powder was 
left ; and the latter has also decomposed it, by subject- 
ing it to the action of iron heated to redness, (An. de 
Chim. 81.) ; and he obtained similar results by the action 
of potassium on a compound of silica, immediately to be 
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noticed. ‘To the base thus procured, the names of sili 
cum, silicitwm, and silicon, have been given; the last 
adopted by Thomson, because he considers silica an acid, 
and its base analogous to carbon, or boron. . 

Silicum is a dark-coloured substance, differing in its 
properties from the bases of the alkalies and earths. It 
does not burn when heated in air or oxigen. It is not 
acted on by water or by acids, except fluoric. It unites 
with sulphur and chlorine, the sulphuret and chloruret 
being decomposed by water in the usual way. When 
heated with the fixed alkalies, it acts on them with de- 
tonation, and the same is the case with the alkaline car- 
bonates, carbonic acid being expelled. 

Berzelius and Stromeyer have concluded, from expe= 
riment, that silica is composed of about 52 of oxigen “Py 
48 of silica; and, in a late paper of the former chemist, 
the proportions are stated to be 50.3 to 49.7. 

Dr Thomson, (First Pr. ), from reasoning founded on 
an examination of the different minerals in which silica 
exists as an ingredient, and from an analysis of the 
compounds of this earth and water, concludes that its 
atomic weight is 20; and as that of oxigen is 10, if he 
i3 correct in his conclusion, that of silicum must also be 
10; and consequently, silica is composed of equal parts, 
by weight, of its ingredients. 

The only known compound of silicum and oxigen, I is. : 
silica. 

Silica, when pure, is a white tasteless pales: of sp. 
gr. 2600. It requires a very strong heat for its fusion, 
that of the oxi-hydrogen blow-pipe “bese necessary. It 
is insoluble, water boiled on it not diminishing its weight 
in the smallest degree. It is well known, however, that, 
when recently precipitated from some of its solutions, a 
little of it is dissolved. It seems also to unite with wa- 
ter, and form different hydrates, the ingredients, accord-_ 
ing to Thomson, being in atomic proportion, (First Pr.); 

Silica is not acted on by the simple acidifiable bodies, : 
nor by any of the acids, except fluoric; in this respect — 
differing from the preceding earths. 
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Fluo-Silicic Gas. 

It has been already mentioned, (p. 338.) that when 
fluor spar is acted on by sulphuric acid, in glass vessels, 
a gaseous fluid is disengaged, which was at one time 
supposed to be pure fluoric acid.—It is now known, how- 
ever, to contain silica, and hence it has been called sidi- 
cated or siliceo-fluoric, occasionally also fluo-silicic gas. 
It was discovered by Scheele, and afterwards examined 
by Priestley, but more lately by Dr Davy, to whom we 
are indebted for the principal facts concerning it. 

‘It is obtained by pouring sulphuric acid on an equal 
weight of the powder of the spar, in a glass retort ; or, 
to save the apparatus, a mixture of equal parts of spar 
and powdered glass may be used. On the application of 
heat the gas comes off, and may be collected over mer- 
cury. 

Fluo-silicic gas is transparent and colourless. It is 
unfit for the support of respiration and combustion. 
Its sp. gr. is 3500, 100 inches weighing 108 gr. It hasa 
pungent odour, somewhat resembling that of muriatic 
acid. When exposed to air, dense white fumes appear, 
ewing to its uniting with the moisture. When passed 
through water it is decomposed, and a white powder is 
deposited, which is silica ina state of purity, fluoric acid, 
with a little of the earth, being retained by the fluid. 
This experiment is easily shewn, by admitting a little 
water into a jar of it, over mercury, or merely by putting 
the mouth of the retort from which it is issuing, into 
it. According to Davy, water consumes about 263 
times its bulk of it, the fluid having the properties of a 
weak fluoric acid. 

The composition of this gas, given by Dr Davy, is fluo- 
ric acid 37.6, silica 62.4, which very nearly agrees with 
that mentioned by Thomson, who supposes it to contain 
an atom of each of its ingredients; in which case it will 
be composed of acid 38.46, silica 61.54. , 

Though fluo-silicic gas is by some considered as an 

acid, Berzelius is of opinion that it is a salt, a fluate of 
silica, differing from others only in being gaseous. — : 
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Considering it as a compound of fluoric acid and silica, 
the chemical changes during its preparation are accounted 
for, by the fluor spar effecting the decomposition of thé 
water of the oil of vitriol, the oxigen uniting .with the 
calcium to form lime, and the hydrogen with the fluo 
rine to generate fluoric acid, with which the silica enters 
into union, to produce the gaseous compound. When 
fluo-silicic gas is brought into contact with salifiable oxi- 
dized bases, substances are formed which by some are 
called fluo-silicates, the acid and base having, it is sups 
posed, united to produce a salt. It has been already 
mentioned, that Berzelius does not admit that the gas is 
an acid; and he accordingly adopts a different opinion 
with respect to the nature of the compounds formed — 
its action:on salifiable bodies. He supposes that they are 
triple compounds of fluoric acid, silica and the base by 
which it has been acted on, as Jiuate of silica and oem 
&c, (An. de Ch. et de Ph. xxvii.) F, 
» The same action takes place with ammonia, for wher 
they are presented to each other in the gaseous state, they 
form a white saline powder. When, hove an ammos 
niacal solution is used, the product is different, the 
fluo-silicic gas undergoing complete decomposition, the 
whole of the silica being deposited, while the fluoric acid 
and alkali unite, and form a fluate of ammonia, which 
remains in solution. The product of the action of the 
gases on each other, when put into water, also undergoes 
a similar change. ‘The fluid produced by either of these 
processes, when boiled in glass vessels, corrodes them, 
owing to the fluoric acid it contains. ; 

It has been already mentioned, that Berzelius succeed- 
ed in procuring silicum by the decomposition of some 
of the compounds of silica. The one then particularly 
alluded to, was fluo-silicic gas. When potassium was 
burned in it, brownish substance was formed, which, 
when heated in oxigen, generated fluo-silicie gas and 
silica, and the residue, when acted on by fluorie acid, 
yielded also the same gas, itself becoming of a darker 
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colour. The matter thus procured was considered to be 
pure silicum. The same results were obtained by heating 
potassium with dry fluo-silicate of potass, washing the 
product with water, and again exposing it to heat. 


{ 


Silica and Alkalies. 


The alkalies act powerfully on silica, either in the dry 
or humid way, and form compounds totally differing in 
their properties, according to the proportions. When 
the alkali is in excess, a soluble substance is formed. 
When, for instance, 3 of carbonate of potass and 1 of 
silica are heated, the mixture swells, gives off carbonic 
acid, and lastly yields a transparent vitreous body, called 
silicated potassa, which, on exposure to air, deliquesces, 
and is soluble in water. When also aqua potasse is boil- 
ed in recently precipitated silica, a transparent solution 
is obtained, similar in its properties to the former. By 
exposure to air, carbonic acid is absorbed, and silica 1s 
deposited ; and the same happens when an acid is added, 
the alkali being neutralized, and the silica thrown down, 
but a little of it, it is supposed, is also dissolved. Muri. 
ate of ammonia also causes a deposition of the earth. 

- When, instead of using a large proportion of alkali, 
the silica is in excess, a substance of a very different na- 
tune is produced ; the product of their union, in these pro- 
portions, being glass. 


Glass. 


There are different kinds of glass, according to the 
substances employed in its manufacture, such as bottle 
glass, flint glass, window, broad, and plate glass. 

Bottle glass is in general made by exposing to heat 
common sea sand, which is almost entirely silica, and the 

_ refuse of the operation of soap-makers, which, along with 
potass, contains a large quantity of lime, with some alu- 
mina, magnesia, and silica. % ° 

Window glass is formed from sand, and kelp or ba- 
rilla; and the finer kinds are manufactured from pot- 
ashes; or soda, and very pure sand, or, which is bet- 
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ter, powdered flints, these being almost entirely compos- 
ed of silica. 

In the manufacture of glass, the substances are sepa- 
rately reduced to powder, and afterwards well mixed. 
They are then thrown into a kind of furnace, or oven, 
and heat applied to them, by which the moisture is 
expelled, part of the carbonic acid is driven off, and 
the inflammable substance is consumed; at the same 
time, an action takes place between the silica and al- 
kaline matter. In this part of the process, which 
is called fritting, great care is taken not to apply 
too much heat, otherwise a considerable part of the al- 
kali is sent off in vapour; the mixture is also con-_ 
stantly stirred, to allow the whole of the carbonaceous 
matter to be consumed by its coming in contact with the 
air, and to prevent it from running into hard lumps. 
After this, the substance is removed from the furnace, 
and set aside to cool, in which state it is termed /rit. 

When frit is again to be melted, for the purpose of 
making glass, it is put into large conical vessels of baked 
clay, previously heated, each of which holds about 20 
cwt. In these it is exposed to a high temperature for 
about two days, by which the whole becomes fluid, and 
passes into the state of glass. During this part of the 
process, a quantity of saline matter collects at the top, 
called sandiver, or glass-gall, which is removed by means — 
of iron ladles. After this, the heat is continued, till por- 
tions of the glass, when taken out and cooled, do not — 
present a speckled appearance. It is then said to be re- 
fined, and its temperature is allowed to fall, till it be- 
comes so thick that it can be wrought into the various 
articles. 

Though silica and the alkalies, by their union, pro- 
duce glass, other substances are added to make it more 
perfect, such as the oxids of lead and manganese, and 
sometimes also a little nitre. Various ingredients are 
likewise employed, to give it particular qualities. 

When glass is prepared from kelp or barilla, it always 
acquires a ‘greenish tinge, from the iron which they con- 
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tain. To prevent this, black oxid of manganese is mix- 
ed with the fused matter, to afford oxigen to the iron, 
by which it passes into that state, that it either does not 
combine with the glass, or if it does, does not colour it. 
Oxid of manganese itself makes glass purple, but by being 
deprived by the iron of a portion of its oxigen, it also 
passes into that condition, that it does not communicate 
any colour; great care must therefore be taken to add 
the due quantity, for if too much be employed, the glass 
will have a purple tinge; whereas, if too little be used, 
the whole of the iron will not be acted on, and it will 
retain a little of the green. When too much manganese 
has been used, which is known by removing a little of 
the fused matter, and allowing it to cool, it can be easily 
destroyed by thrusting pieces of wood into it, so as to 
deprive it of its oxigen, and form carbonic acid, which 
is expelled by the heat. 

Nitre is occasionally also employed for destroying the 
green tinge communicated by iron, acting in the same 
way as the manganese, by affording oxigen to it, and 
causing it to pass into that state that it will not impart 
colour. 

Compounds of lead, such as litharge, are always mix- 
ed with the ingredients of glass, proving very powerful 
fluxes, and thus causing the substances to melt more 
easily. They also impart greater density, and increase 
the lustre of the glass; and they make it more tenacious, 
consequently more easily wrought into the different ar- 
ticles. 

If glass, after it has been fused, be hastily cooled, it 
is easily broken by the slightest agitation. Hence we 
often find that it cracks without any apparent cause ; 
but this is prevented by the process of annealing, to 
which it is subjected immediately after it is manufactur- 
ed. Annealing consists in placing the glass in a long 
oven, the heat of which is considerably below that neces- 
sary for its fusion, and which is hotter at one end than 
the other. The articles are put in at the warmest ex- 
tremity, and gradually drawn from this to the colder, 


506 SILICA. 


and, when almost cold, they are removed. As the 
first set comes out at the one end, a second is put, in at 
the other, and in this way the oven is kept always full. — 

During this process, it is supposed that the gradual 
reduction of temperature allows the particles of the glass, 
to arrange themselves properly ; whereas, when quickly 
cooled, they are prevented from assuming that arrange~ 
ment, and the slightest cause is sufficient to rend them 
asunder. On the proper annealing, then, depends entire. 
ly its capability of standing sudden applications of heat 
or cold. That glass which is not annealed is easily broken 
by exciting a slight vibration in its particles, can be shewn, — 
by forming a tube, and allowing it to cool without an- 
nealing. Ifa small piece of flint be thrown into it, it is” 
instantly broken. The same is the case with the green 
glass substances, called Rupert’s drops, which are form-_ 
ed by allowing the melted glass to fall into water. If 
the end of the tail be broken off, the vibration excited — 
instantly shatters it to pieces. . 

It is a remarkable fact in the making of glass, that ; 
if the fused matter be allowed to cool very slowly, as is 
the case when the furnace cracks, and its contents escape, — 
it loses entirely its transparency and lustre, and resem- 
bles a stony body, becoming much less fusible than be- 
fore; but if after this it be again melted, and cooled 
quickly, it resumes its former appearance. This has been 
proved to depend entirely on the quickness with which 
the matter after fusion passes into the solid state, a piece 
of green bottle-glass having been made to undergo these 
changes repeatedly, by fusing it, and at one time mak- 
ing it cool slowly, and at another quickly. It is not 
known how this acts; the gradual cooling may allow 
the particles so to arrange themselves, as to make the 
substance opake, but the difference in fusibility cannot 
be accounted for. 

On this property depends the method of converting 
glass into what is called) Reawmeur’s Porcelain. For 
this purpose, after being modelled into any particular 
article, it is surrounded with a bad conductor of caloric, 
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as finely sifted ashes, ‘or Paris plaster, and then exposed 
to heat, less than what is sufficient to melt it, and du- 
ring the slow cooling, it loses entirely its transparency, 
becomes less fusible than before, and not so liable to 
break by a sudden application of heat or cold. 

Though glass, as generally made, is transparent 
and colourless, a variety of colours can be imparted to 
it, by the addition of metallic compounds. The ox- 
ids of the metals, when melted with glass, combine 
with it, and communicate colour, without diminish- 
ing its transparency and lustre, provided they be em- 
ployed in proper proportion. Those generally used 
for this purpose, are oxid of gold, which gives a red 
colour, resembling that of a ruby; iron, which imparts 
a variety of colours, according to its state of combina- 
tion. It has been already mentioned, that the green 
tinge of bottle glass is owing to iron; when in larger 
quantities, the glass is yellow or brownish. The com- 
pounds of copper communicate a green colour, similar to 
that of an emerald, while antimony gives a yellow. Oxid 
of manganese, it has been already stated, is added in 
small quantity to destroy the colour given by iron; but 
when too much is employed, it imparts a purplish tinge; 
hence its use in making purple glass, the appearance of 
which depends entirely on the quantity employed. 
When glass is fused with compounds of cobalt, it be- 
comes of a rich blue colour; of course, if antimony be 
employed at the same time, it makes it green, which is 
produced by the blue of the one and the yellow of the 
other. The metal called chrome imparts to glass diffe. 
rent colours, according to the compound employed, as 
red and green; and as the colours communicated by it 
are far superior to those of other metals, it is much used 
in imitating gems, as emeralds and rubies. 

Glass is often rendered opake, forming what is called 
enamel. 'This is done by the addition of a large quantity 
of metallic compound, which does not colour it. The 
most common is oxid of tin, which renders it white and 
opake, and by the addition of other metallic compounds 
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to this, different colours may be givenit. Another white 
enamel is formed, by mixing burnt bones with glass, but 


it is not so fine as that with tin. 'These enamels are used 


chiefly as a coating to metals, as in making dials for 


clocks and watches. 


Another process depending on the union of silica with 
other bodies, is the manufacture of earthen ware, no less” 
interesting in all its stages than that of glass. The sub-— 
stances employed are the different kinds of clay, in which 


silica exists in large quantity; but it is the alumina 


which they contain, that gives them the properties that ‘ 


render them fit for this manufacture. Lime also exists’ 
in them ; but if it be in great quantity, it makes them 


too fusible, and a little iron is also present, which gives to 


ee 


them a reddish or brown colour. On the purity, then, of © 
the clays, depends the fineness of the earthen ware. ‘The 


substances used in China are very pure, but in Europe 


they are in general inferior. In some parts of it, however, — 
very fine clay has been found, and in these earthen ware 
of a superior quality is made. Magnesia is occasionally — 
added to clay, to prevent, as some suppose, the contrac- 
tion which it suffers on exposure to heat; but if too 
much be employed, it adds to the fusibility of the mix- 

ture. The coarser kinds of clay are used for inferior ar-_ 


ticles, as crucibles, grey beards, and brown cans. 
In the manufacture of the finer earthen ware, the clay 


is mixed with siliceous matter, obtained by reducing © 


flints to very fine powder. For this purpose, they are — 


exposed to heat in a kiln, similar to that in which lime- 
stone is burned, by which they become brittle, and are 
easily powdered. 

The clay is prepared nearly in the same way, after 
which it is mixed with water, and well kneaded with 
wooden instruments till it becomes a uniform mass, in 
which state it is mixed with the powdered flints, also 
made into a paste. The mixture, when fluid, is then pass- 
ed through fine sieves, and poured into brick troughs, 
in which it is exposed to heat, till, by the expulsion of 
the water, it becomes of proper consistence. After this, 
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it is again well kneaded, by beating it with wooden mal- 
lets, and working it with the hands, till all air-bubbles 
disappear. It is then in a condition fit for being mould- 
ed into any shape, which is done with the finer kinds of 
ware, by casting it in moulds, and with the coarser sort, 
by forming it on a wheel. 

The articles thus prepared, are dried either in the air, 
or in stoves slightly heated, after which they are put into 
pots of baked clay, and heaped up in a tall oven. A 
moderate heat is then applied, but which is afterwards 
gradually increased, and continued for two days and 
nights; they are then removed, and in this state the 
ware is called biscuit, and to which the figures are gene- 
rally imparted. For this purpose, an impression from 
a copperplate is thrown off on thin paper, which is put 
when moist on the biscuit, and gently struck with a 
flannel roller, and after remaining on for a short time, it 
is washed off with a sponge, the impression being com- 
municated to the ware. The colour depends on the sub- 
stance employed for taking the figure from the engrav- 
ing. In general, a metallic compound is used, such as 
one of cobalt, which givesa blue. In some instances 
the patterns are applied with a hair pencil, the paint 
being composed of a metallic matter, mixed with a 
flux and oily substance, which when heated melts, and 
attaches itself to the ware. The compounds of anti- 
mony and silver give a yellow and orange, gold a purple, 
copper a green, platina a whitish, and iron a red, brown, 
or black, according to the compound used. 

The biscuit, as thus prepared, is very porous, and of 
course unfit for containing fluids; it is necessary, there- 
fore, to have it covered with a dense body, or glazing, 
as it is called. That commonly used is a mixture of 
flints and white lead, both reduced to very fine powder, 
and made into a thin paste with water. Into this the 
biscuit is dipt, by which it receives a coating, the poro- 
sity of the ware making it adhere. _When thus covered, 
they are heaped up on small stands of baked clay, in an 
oven, and exposed to heat, sufficient to fuse the glazing, 
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by which it unites with the materials of the biscuit, and 
communicates a dense coating, having a fine polish, and 
impervious to water, in which state they are ready for 
the market. , 
Silica is the most abundant of the mineral productions " 
Its fossils can scarcely be distinguished by any particu- 
lar properties. Some have a great degree of hardness 
and lustre, but many do not possess these qualities im 
so remarkable a degree as those of other classes. Quartz, 
or rock crystal, amethyst, cairngorm, chalcedony, flint, 
all the varieties of Scotch pebble, jasper, opal, and many 
others, belong to the siliceous fossils, some of which, as_ 
rock crystal and flint, are almost pure silica. Silica is— 
found in other minerals of a more compound nature, as_ 
garnet, shoerl, tourmaline, feldspar, “and some others, 
The more compound rocks, as granite, porphyry, and ba- 
salt, contain a considerable quantity of it. It occurs, also, — 
in some waters, the most remarkable instance of which is in 
the boiling fountain of Geyser in Iceland. In this there 
is a free alkali, but apparently in too small quantity to 
dissolve the earth, so that the means by which it is kept 
in solution are not known. j 


GLUCINUM AND GLUCINA. 
3 
Guiucina was discovered by Vauquelin in 1798, in the 
mineral called beryl. In obtaining it, the mineral is 
fused with thrice its weight of potass, and the product 
dissolved in diluted muriatic acid. The solution is then 
evaporated to dryness, and the residue again dissolved 
in water, by which the silica is left, and the glucina 
and alumina dissolved. Carbonate of potassa is next 
added as long as there is any precipitation, by which 
both of the earths are deposited, and on the addition of 
sulphuric acid they are dissolved, and can be separated 
by adding solution of sulphate of potassa, by which crys- i 
tals of alum are formed. The solution contains glucina, 
with a little alumina, which may be thrown down by care 
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bonate of ammonia, and on filtering and evaporating, the 
excess of the alkaline carbonate is driven off, and Saitcgr 
is gradually deposited. 

That glucina is an oxid has been proved by the expe- 
riments of Davy, who, by passing potassium over it, 
found that potassa was generated ; but the base has not 
been obtained in its separate state. Of course, the name 
to be given it is gluconum. 

Glucina, so called from the sweetish taste of some of 
its compounds, (yavxv, sweet,) is a white powder, resem- 
bling alumina. Its sp. gr. is 2970. It is infusible, and 
insoluble in water. It unites with the acids, and forms 
salts, the properties of which have, however, been but 
little examined. They are almost all decomposed mere- 
ly by heat, the acid being expelled, and the earth leit 
pure. 

Glucina is soluble in the fixed alkalies, in this respect 
resembling alumina; but it diffags from it in being so- 
luble in carbonate of ammonia. 

Glucina exists also in the mineral called Euclase, which 
contains, according to Berzelius, 21.78 per cent. while 
beryl has only about 13. From an examination of these 
minerals, and of some of the salts, Thomson has fixed 
the atomic weight at 32.5, and if it is a compound of an © 


atom of each of its ingredients, that of glucinum will 
be 22.5. 


YTTRIUM AND YTTRIA. 


Yrrria was discovered by Godolin in 1794, in a mi- 
neral found in Ytterby in Sweden. For procuring it, 
dissolve the mineral in nitro-muriatic acid » by the aid of 
heat, filter, and evaporate to dryness, and expose the re- 
sidue to a high temperature. Again dissolve and filter, 
to get quit of silica, and add ammonia, by which yttria, 
in union with oxid of the metal cerium, is deposited. 
Expose the precipitate to heat, dissolve in nitric acid, 
again; evaporate and dissolve, and to the solution add 
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sulphate of | potass, by which oxid of cerium is thrown 
down. Filter, and add ammonia, and the yttria will fall 
in the form of a white powder. 

Yttria, like other earths, has been proved to contain 
oxigen, because, when potassium is passed over it, po- 
tassa is formed; but the base has not been procured in 
its separate state. Of course, the name to be given it is 
ytirium. 

Yttria, when pure, is a white powder, of specific gra- 
vity 4842, destitute of taste and smell, infusible, and i in- 
soluble in water. 

It unites with the acids, and forms salts, which are de- 
composed by the alkalies and alkaline earths. 

It is not dissolved by the alkalies, in this respect dif- 
fering from glucina. It is dissolved, however, by carbo- 
nate of ammonia, but it requires a large quantity for its 
solution. 

Thomsen has fixed the atomic weight of yttria at 52.5, 
and considering that it is a compound of an atom of each 
of its ingredients, that of yttrium is considered to be 42.5. 


ZIRCONIUM AND ZIRCONIA. 


Z1Rconta was discovered by Klaproth, in the mineral 
called zircon, brought from Ceylon, and it has since been 
found in hyacinth. The process given by Klaproth for 
procuring it is very simple. The mineral is fused with 
potassa, then washed and dissolved in muriatic acid ; and 
after being boiled, potassa is added, by which the earth 
is prectiun tell 

* The process recommended by Dubois, 
N. ‘Ss. yi is more complicated, but yields it purer. 

The ore, after being fused with potassa, is repeatedly 
washed with distilled water, and the insoluble matter, con- 
sisting of zirconia, silica, and iron, is dissolved in muriatic 
acid, and the solution evaporated to dryness. The resi- 
due, containing muriate of zirconia and of iron, is dis- 
solyed in water; and, by the addition of ammonia, both 
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of the bases may be precipitated ; after which they are 
boiled with oxalic acid, by which the iron 1s dissolved, 
and insoluble oxalate of zirconia formed, which, by a 
red heat, is decomposed, and the pure earth obtained. 

Zirconia thus procured, is a white powder, insipid, in- 
odorous, and insoluble in water. Its sp. gr. is about 
4000. When exposed to a strong heat, it is fused, and 
forms a transparent glass, sufficiently hard to strike fire 
with steel, and to scratch glass. 

Zirconia, as prepared by the process described, is not 
soluble in acids; but if it be fused with potassa, it may, 
after this, be dissolved by muriatic acid, and then pre- 
cipitated by the addition of an alkali, in which state 
it is a hydrate, and is then easily acted on by acids, and 
forms salts. 

According to Thomson, the atomic weight of zirconia 
is 60. 


The substance described by Berzelius as an earth, under 
the name of ¢horina, has been found by him to be merely 


yttria, in union with phosphoric acid, (An. de Ch. et de 
Ph. xxix.) ; 
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SECTION X. 


SUBSTANCES FORMING SALIFIABLE BASES, 
LONG KNOWN BY THE NAME OF 
METALLIC OXIDS*. 


IRON. 


Tron is by far the most abundant and useful of metals. 
It has been long known, and in use since the earliest ages. 
When pure, it is of a bluish white colour, has a fibrous 
texture, and, when polished, considerable lustre. It is 
superior in hardness to any of the others, and is also 
very malleable and ductile. It can be drawn to wire of 
the thickness of a human hair, the tenacity of which is 
considerable. One of the 1-13th of an inch, will sustain 
a weight of about 550 pounds without breaking. In 
drawing iron into wire, by passing it through holes in 
well-tempered plates, it is usually immersed in weak 
aquafortis, merely to clean it. It is said, however, to be 
much better to put it into a weak solution of sulphate of 
copper or blue vitriol, by which it acquires a very thin 
coating of copper, which prevents it from being injured 
by the plate; the copper being easily destroyed by the 
last annealing, to which of course it is frequently subject- 
ed during the process. 


* This class includes the substances commonly called Metals. 
VOL. II. A 
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IRON. 


The sp. gr. of iron varies from 7100 to 7800. Its ato- 
mic weight is 35. 

Iron is remarkable for its magnetic property, being 
attracted by a magnet ; and, by a particular contrivance, 
it may itself be made magnetic. By entering into union: 
to a certain extent, this property is not only increased, 
but rendered more fixed; but beyond this, it ceases.— 
Thus a little sulphur makes it more capable of retaining 
the magnetic power ; but if it be in large quantity, the 
compound does not affect a needle. | 

Iron is one of those substances which, by the applica- 
tion of heat, passes through different degrees of hardness. 
When heated to whiteness, it becomes soft, and very 
malleable, so that it is easily wrought into different forms. 
In this state, also, it may be welded, that is, if two pieces 
be put together, and struck forcibly with a hammer, they 
nite, and the joining is as complete as if it were only 
one piece. The temperature at which this takes place is 
at about a full white heat. When above this, iron be 
comes very brittle, so that it is easily broken ; hence the 
necessity of paying particular attention to the tempera- 
ture. It melts at 158 W. 

When iron is exposed to air, it very soon acquires a 
brown crust on its surface, called rust, which is a carbo- 
nate; but this change takes place only when the at- 
mosphere is moist, and is owing, therefore, to the de- 
composition of the water, the iron acquiring oxigen 
to form an oxid, which combines with the carbonic acid 
always existing in the air. . a 

When iron is heated in air, it unites with its oxigen, 
the facility with which they unite depending on the tem- 
perature. When made red hot, black scales are formed, 
which are easily detached. If in the state of filings it 
be cast into the flame of a sheet of paper, beautiful sparks 
are thrown off, which are also an oxid. The scales found 
around a blacksmith’s anvil, are also the same, formed 
during the process to which the iron is subjected, and 
which are beat off from it by the hammering. 

When iron is heated in oxigen gas, the appearance 
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presented is very beautiful ; the oxigen being quickly 
absorbed, and a compound of it and the metal formed, 
(see p. 173. vol. i.) In all of these cases an oxid is ge- 
nerated, possessing in some degree a metallic lustre, but 
without malleability or ductility. 

Different statements have been given of its composi- 
tion. 

It is composed, according to 


Bucholz. Wollaston. Berzelius- 
iron, 100 100 100 
oxigen, 29.83 29 29.5 


According to the late experiments of Thomson, (First 
Pr.) 100 of metal unite with 28.57 of oxigen, 

and as 100: 28.57 :: 35 : 9.99, 
so nearly 10, that we may consider it a protoaid, com- 
posed of 

1 atom iron, 35 or 77.78 

1 atom oxigen, 10 22.22 


its atom being 45 100 
It is commonly called the black oxid, in which the oxi- 
gen is not in sufficient quantity to destroy the magnetic 
properties. 

When protoxid is heated strongly in air, it gradually 
unites with more oxigen. Or if it be dissolved in nitric 
acid, by the aid of heat, it absorbs it during its solution, 
and becomes peroxid, which may be precipitated by am- 
monia. As thus procured, it is a reddish brown powder, 
insoluble in water and in nitric acid. 

Different statements have also been given of its compo- 
sition. It is composed, according to 


Bucholz. © Wollaston. Berzelius. Thomson. 
iron, 100 100 100 100 
oxigen, 42 43.5 44.25 42.85 


If we consider the statement of Thomson as correct, 
then the oxigen in the peroxid is a multiple by 14 of that 
in the protoxid, and its atomic weight will seated be 
35 + 15 — 50. 

| A 


* 
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In the union of iron and oxigen, the law of multiple 


‘proportions does not hold true, the oxigen in the peroxid 
‘not being a multiple by a whole number of that in the 


protoxid, from which some have supposed that there is 
another oxid not yet discovered, and in which the pro- 
portions will be found to be 100 to 14.28. If so, the 
oxigen in the black oxid will be twice, and that in the 
red oxid thrice as much as in the supposed oxid. — 
Other oxids of iron have been mentioned by different 
chemists, but the existence of these has not been satisfac- 
torily proved ; the only oxids known to unite with acids, 


‘and ferm salts, being those described. 


Different statements have been given of the action of 
iron on water. When they are kept together and expos- 
ed at the same time to air, there is a decomposition and 
disengagement of hydrogen gas, but when the water is 
pure, the iron may be kept in it without undergoing any 
change, provided air is excluded. At a high tempera- 
ture, however, there is a rapid decomposition and evolu- 
tion of hydrogen, as is shewn by passing its vapour 
through a red hot gun barrel, or earthen tube stuffed 
with shavings of iron, (p. 188. vol. 1.) by which the me- 
tal is converted to protoxid. ; 

The only compounds of any interest of iron and the 
simple acidifiable bodies, are those with carbon, sulphur, 
and cyanogen. P 


Carburet of Iron. 


The action between iron and carbon is important, as 
‘by their union they form the useful articles steel and 
cast iron. i 

Iron, when extracted from its ores, unites with a little 
of the carbonaceous matter employed in the process, and 
forms cast iron, of which there are different kinds accord. 


_ ing to the quantity of carbon. When thin bars of it are 


kept at a red heat for some time, imbedded in charcoal. 
they unite, and form steel, which is therefore a carbureé 
of iron. Steel is hard and brittle, is of a greyish colour, 
and susceptible of a high polish, more fusible than iron: 
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and malleable and ductile. Its most remarkable quality, 
however, is becoming very hard, when heated and sud- 
denly cooled. This is what is called hardening steel, 
and the giving it the proper degree of hardness, is term- 
ed tempering. When heated in this way, it is the hard- 
est of metals, and is also possessed of great elasticity, 
owing to which it is useful in many operations. 

That steel is a compound of iron and carbon, is proved 
by putting a piece of it into diluted nitrous acid, by 
which the former is dissolved, and a black powder left, 
having all the properties of the latter. ‘The quantity of 
carbon varies according to the process practised in pre- 
paring it.. In general it is from about 4 to 12 ounces in 
the 100 weight. The more it contains, it becomes the 
more fusible; it is of the utmost consequence, therefore, 
to pay particular attention to its manufacture. In this 
country, large troughs are built of mason-work, below 
which fires are placed, so as to heat the whole of them. 
In these are put alternate layers of charcoal and bars of 
iron, and when full they are covered with clay. The 
fires are then kindled, and continued for about 10 or 11 
days, during which the materials are kept at a dull red 
heat. They are extinguished when the iron has combin- 
ed with a sufficient quantity of carbon, which is known 
by taking out a bar, and testing it. From the blistered 
appearance of the article prepared in this way, it is called 
blistered steel. It is used for horse shoes, agricultural 
instruments, and the like. When steel is hammered, it 
is very much improved in its properties, and rendered 
fit for many more purposes. ‘This is done by putting to- 
gether a number of pieces of blistered steel, bringing 
them toa red heat, and then hammering them, till they 
are welded, the hammering and welding being repeated 
several times. In this state it is called shear steel, and. 
is used for making swords, table knives, &c. A still 
finer kind is called cast steel, but different accounts are 
given of the mode of manufacturing it. It is generally 
said to be prepared by fusing blistered steel, surrounded 
by powder of charcoal and glass. According to other 
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statements, it is fused without any admixture, and wher 
liquid, poured into moulds, and when cold, hammered as. 
in the manufacture of shear steel. Cast steel is much > 
closer in its texture, and harder, than the other kinds 5 
hence it is used for the finer sorts of instruments, as pen 


knives, razors, and surgeons’ instruments. 
4 


Sulphuret. f 
Iron unites easily with sulphur, the union being ef- 
fected in different ways. When 1 of iron filings, and 3 
of sulphur, by weight, are heated in a Florence flask, 
they unite when the latter is properly melted, and at th 
moment of union, there is a vivid glow over the whole 
mixture, and which continues for some time. A black 
matter is left, supposed to be proto-sulphuret, the ingre- 
dients being in the proportion of iron 63.64, sulphur 
36.36. When a plate of iron at a red heat is held on 
sulphur, there is a union and formation of sulphur 
and indeed the action is so violent, that the metal is soon 
pierced, leaving a hole of the size of the sulphur ; but for 
the success of this experiment, it is necessary to use steel 
or malleable iron. ; 
Proto-sulphuret of iron is insoluble in water. a 
acted on by acids, provided water is present, the iron 
being oxidated, and sulphuretted hydrogen gas diseng 
ed, and hence it is frequently employed in the prepara- 
tion of this acid. For this purpose, equal parts of su 
phuret and. sulphuric acid, mixed with 4 of water, aré 
put into a retort, and the gas collected in the usual way. 
As the water in this case undergoes decomposition, the 
hydrogen unites with the sulphur, and the oxigen with 
the iron, the former coming off, and the latter remaining 
in the retort, in union with the sulphuric acid. & 
» When proto-sulphuret of iron is exposed to a red heat 
with more sulphur, a per-sulphuret is formed. It is of a 
yellow colour, and has more lustre than the former. It 
differs from it in not being affected by acids. fs 
Iron is also acted on by sulphur at a low temperature, 
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provided moisture is present, and a substance is formed, 
which, when exposed to air, unites with its oxigen, and 
leaves the nitrogen, and hence the method by which this 
elastic fluid is usually procured, (vol. i. p. 206.) 

Sulphurets of iron are native productions, well known 
by the name of pyrites, of which there are two kinds, the 
magnetic and cubical, the former corresponding to the 
proto-sulphuret, the latter to the per-sulphuret. ‘The 
magnetic, when exposed to air and moisture, slowly at- 
tracts oxigen, and becomes sulphate, the action in fact 
being the same as with the mixture in the preparation 
of nitrogen gas, and hence the mode of preparing the 
sulphate of iron of commerce. The other pyrites is 
found in cubical crystals, having considerable lustre, 
and the properties of the yellow artificial sulphuret. 
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The acids act very easily with iron, the action differ- 
ing according to the acid, and its state of concentration. 
The salts formed, are of course like those of the fixed 
alkalies and earths, compounds of the acid and iron in 
a state of oxidation. 


Nitrate. 


When iron filings are thrown into nitric acid, diluted 
with an equal quantity of water, the action is violent, 
‘nitric oxid in large quantity being disengaged, and the 
iron passing to the high state of oxidation. In perform- 
ing this experiment, the filings should be thrown into a 
glass, standing on a plate of water, and into which the 
diluted acid has been previously poured, and instantly 
covered with a shade, to prevent the acid vapour from 
escaping. 

When the acid is more diluted, the metal is gradually 
dissolved, acquiring oxigen from part of it, and a ni- 
trate is formed. This is of a brownish colour, but 
does not afford crystals on evaporation. If it be more 
largely diluted, and pieces of iron put into it, a solution 
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is slowly formed, which on evaporation yields greenish 
crystals; the former of these is per-nitrate, the latter 
proto-nitrate. 

Like metallic salts in general, they are e decomposed, 
particularly the per-nitrate, by alkalies and alkaline 
carbonates. The action with the carbonate is important, 
as it affords a pharmaceutical preparation, much used as 
a tonic, the liquor ferri alealint of the London pharmaco- 
peeia. 

Two drachms of iron filings are put into two ounces 
of nitric acid, diluted with six ounces of water, and when — 
the action ceases, solution of carbonate of potass, to the 
extent of about six ounces, must be added, or till the 
precipitate formed ceases to be re-dissolved. 3 

In the first part of the process, a per-nitrate of iron, 
but with a large excess of acid, is formed ; and in the se-_ 
cond, this excess is merely saturated by the alkaline — 
solution, a part of the iron being precipitated in the — 
state of carbonate, but which is instantly dissolved by 
the nitric acid, so that the product is a mixture of nitrates 
of iron and of potass. 


Carbonate. 


When iron filings are kept in carbonic acid water, in 
close vessels, they attract oxigen, and then unite with 
the acid. The fluid acquires a styptic taste; and, on 
exposure to air, deposits carbonate of iron, having existed 
in the fluid as a super-carbonate. Rust of iron is also a 
carbonate, the metal, when exposed to air and moisture, 
first getting oxigen from the water, and afterwards car- 
bonic acid from the atmosphere; and hence the old me- 
thod of preparing carbonate of iron, merely by per 
moistened filings exposed to the air. 

Carbonate of iron may be more easily sirepalbed, by he é 
decomposition of a soluble salt of iron by an ae car- 
bonate. (See Sulphate. ) : 

Carbonate of iron is usually in the form of a brown 
powder, insoluble in water. When exposed to heat, its 
acid is expelled, and the oxid left pure. Like carbonates, 
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it effervesces with acids, by which the carbonic acid is 
driven off. 

It is used as a tonic in the dose of about 10 grains, 
once or twice a day, in general in conjunction with other 
tonics. 


Sulphate. 


When iron filings are put into concentrated sulphuric 
acid, there is no action at a natural temperature ; but on 
the application of heat, part of the acid is disengaged, the 
metal acquiring oxigen from it, and forming an oxid which 
enters into union with the remainder of the acid, and 
produces a sulphate. If, instead of using concentrated, 
diluted acid be employed, the action is different, the me- 
tal acquiring oxigen from the water, and becoming an 
oxid, which unites with the acid, while hydrogen gas is 
disengaged, and hence the method generally practised for 
procuring it. For this purpose equal weights of acid 
and iron filings, with four of water, are used, the mix- 
ture being put into a retort, and the action allowed to 
go on spontaneously, for, during the union of the fluids, 
heat is generated, by which the evolution of gas is fa- 
voured. The hydrogen obtained in this way is not pure ; 
it burns with a greenish tinge, and is of greater specific 
gravity than when procured by other means, owing to im- 
purities derived from the materials employed in its pre- 
‘paration. : | 

The solution left in the retort, on evaporation, affords 
green-coloured crystals of sulphate of iron, containing 
the protoxid. 

Proto-sulphate of iron thus procured, is obtained in 
well-formed rhombic crystals, and is the same with the 
_ well-known salt of commerce called green vitriol, or cop- 
_ peras, but it is seldom prepared in this way. It has been 
already mentioned, that when the native ores containing 
sulphur and iron are exposed to a moist atmosphere, they 
absorb oxigen, and become sulphate ; hence, then, the me- 
thod by which sulphate of commerce is precured, merely 
by exposure of the ore to air and moisture, being fre- 
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quently turned up to present a fresh surface. It is then 
dissolved, filtered, and evaporated. 

The different statements of the composition of this 
salt, all very nearly agree. According to Thomson, it is 
composed of 

acid, 28.9 or 1 atom = 50 
protoxid, 25.7 lLatom = 45 
water, 45.4 T atoms = 78.75 
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100 its atom being 173.75. 


When exposed to heat, it at first undergoes watery fu- ; 


sion, and after the expulsion of the whole of the water, a 
white mass is left, the sulphas ferri casiccatus of the phar- 


macopeeia. If, after this, the heat be continued, it un- 


dergoes decomposition ; a weak acidulous fluid is at first 
given off, and then a fuming acid comes over, known by 


the name of glacial oil of vitriol. Hence the method of 


eGR 


a a ee 


preparing this acid now generally practised on the con- 7 
tinent. For this purpose the salt, previously freed of é 
water of crystallization, is put into cast-iron retorts, hav- 
ing receivers adapted to them, and kept cool... On the 3 
application of heat, the acid fluid comes off, and is con- 


densed in the receiver. After the action has ceased, 
there is left in the retort a powder of a reddish colour, 


and which is per-oxid of iron; so that, during the expul- 


sion of the acid, part of it has undergone decomposition, 
and given off oxigen to the protoxid, to convert it to 
per-oxid, and hence the origin of the sulphurous acid also 
evolved during the process. The residue in the retort 
is commonly sold under the name of colcothar, and is used 
for making razor straps, and for polishing metals. As 
the acid obtained in this process is of an oily consistence, 


and being prepared from green vitriol, hence the name 


owl of vitriol. 
The process for procuring anhydrous sulphuric acid 
from the sulphate, has been described, vol. i. p: 312. 
Sulphate of iron is soluble in about 6 of temperate 
water, affording a solution of a pale green colour, which, 
on exposure to air, is gradually changed, absorbing oxi- 
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gen, by which the metal passes to a higher state of oxida- 
tion, and becomes a per-sulphate ; but, as the acid is not 
in sufficient quantity to keep the oxid in solution, part 
of it is deposited inthe form of a yellowish brown powder. 

The alkalies and their carbonates decompose the sul- 
phate, throwing down either the oxid or carbonate. 
With the latter the action is important, as affording a 
method of preparing carbonate of iron, which is a phar- 
maceutical process. For this purpose, to a solution of 
four ounces of sulphate of iron, add that of five ounces 
of carbonate of soda. <A dark-coloured precipitate is 
formed, which is to be exposed to air, and afterwards 
well washed and dried. It is at first a proto-carbonate, 
but by absorption of oxigen and carbonic acid, is gra- 
dually converted to per-carbonate. 

Sulphate of iron is used for yielding oil of vitriol and 
eolcothar. It affords also a solution of per-sulphate, 
which is much employed in striking a dark colour with 
vegetable astringent matter, and hence its use in dyeing 


and in making ink. (See Dyeing and Tannin.) 


Muriate. 


Muriatic acid acts easily on iron, the action being the 
‘game as with diluted sulphuric acid, by which hydrogen 
is disengaged, and proto-muriate of iron formed. ‘I'he 
solution is of a greenish colour, but is very apt to undergo 
decomposition by exposure to air, oxigen being absorbed, 
and the salt becoming per-murtate. 

Per-muriate, with the maximum oxid, may be prepared 
also by dissolving that oxid, or the carbonate, in the 
acid. It is brownish, and does not crystallize, but yields, 
on evaporation, a yellow-coloured mass, deliquescent on 
exposure to air. 

Muriate of iron is much employed in medicine as a 
tonic, chiefly in the form of tincture. The process given 
by the Edinburgh College, consists in dissolving the 
lack oxid in the acid, and afterwards adding alcohol, 
while in the London Pharmacopeeia, the red oxid, and in 
the Dublin, the carbonate is ordered. The muriate pre- 
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pared from these is the same ; for though the Edinburgh 
process yields at first a proto-muriate, it very quickly 
becomes per-muriate. J 

The alkalies do not act on iron, at least if there is 
any action, it is very trifling. 

Iron is a very abundant production of nature. It has 
been found, in a few places, in its native state, that is, 
metallic. In Siberia there is a mass calculated to weigh 
about 1600 pounds, and in Peru there is another of about 
300 pounds. The source of these immense masses is not 
known, but it is supposed that they are meteoric,—a 
supposition deriving plausibility from the fact that they 
resemble, in their chemical composition, substances of 3 
undoubted meteoric origin, particularly in containing — 
nickel, cobalt, and some other ingredients, always found — 
in meteoric stones. Two pieces have also been observed : 
at Baffin’s Bay, having the same composition as those of — 
Siberia and Peru. 

Iron exists, however, in greatest abundance in combi- 
nation, particularly in union with sulphur and with oxi- 
gen, and from which it is always procured. 

The methods practised for procuring iron from its 
ores, are nearly the same in all places; the substances used 
in the reduction, are coke and charcoal, the latter being 
preferred, but, from its scarcity in this country, is not 
much used. The first process to which the ironstone is 
submitted, is to break it to small pieces, and roast it, by 
which the sulphur and carbonic acid are expelled, and 
the iron is left in union with oxigen ; it is then reduced, 
by mixing it with coke and lime, and subjecting it to a 
strong heat in a furnace, by which the charcoal unites 
with the oxigen to form carbonic acid, which is disen- 
gaged, and the iron is left in its metallic state; the lime 
acting on the earthy impurities of the ore, and fusing 
them. When the iron is completely deprived of its oxi- 
gen, it is melted and falls through the mixture, to 
the bottom of the furnace, and is then run off into cavi- 
ties made in sand, forming pig iron; and it is in this 
state also that it is drawn off into moulds, to yield the 
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different articles of cast iron. As cast iron is very 
brittle, it is unfit for many of the purposes for which the 
pure metal is employed ; it is therefore submitted to the 
process of refining, which consists in again melting it, 
and when cold, subjecting it to hammering, to free it 
from impurities. ‘These processes of fusing and hammer- 
ing are repeated several times, by which the whole of 
the carbonaceous matter is expelled, and it is thus con- 
verted into dar or malleable iron, (Aiken’s Chem. Dict.) 


Ferro-Cyanic Acid. 


Cyanogen enters into union with iron, and forms a sub- 
stance of a peculiar nature, which exists in the pigment 
long known by the name of Prussian Blue. 

The method of preparing it was not known till W ood- 
ward published an account of it in 1724, (Ph. Tr. 1724.) 
It consists in mixing four parts of bullock’s blood with 
an equal quantity of carbonate of potass, and after sub- 
jecting them to a moderate heat till the mixture becomes 
dry, raising the temperature till fumes cease to be dis- 
engaged. The residuum is then boiled in water, and 
filtered, and to the fluid is added a solution of 1 ounce 
of green vitriol and 2 of alum, by which a greenish pow- 
der is precipitated, but which, by being washed with mu- 
riatic acid, becomes blue. 

When baryta is boiled with Prussian Blue, it forms 
a soluble salt, consisting of the earth in union with an 
acid, now called ferro-cyanic acid, and from which the acid 
can be disengaged by the addition of oil of vitriol, the 
baryta being precipitated, and the ferro-cyanic acid left 
in solution. (See Fer. Cyan, Bar.) 

Ferro-cyanic acid is a transparent fluid, of a pale yel- 
lowish colour, but destitute of smell. It is easily de- 
composed by light, by which hydro-cyanic acid is form- 
ed, and a powder falls, at first of a whitish colour, but 
soon becoming blue. It is also decomposed by heat, hy- 
dro-cyanic acid and hydro-cyanate of iron being formed. 

Very different opinions are entertained with respect to 
the composition of ferro-cyanic acid. Berzelius has sup- 
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posed it merely hydro-cyanic acid in union with protoxid 
of iron, but having an excess of acid, an opinion dis- 
proved by the experiments of Porret, (Ph. Tr. 1814), 


a 


who has found that the iron which ferro-cyanates always — 
contain, exists as an ingredient in the acid; for, on de-— 


composing them by galvanism, the iron is drawn towards 
the positive pole, along with the other acid ingredients. 


According to Porret, ferro-cyanic acid is composed of © 
2 atoms of hydro-cyanic acid, 2 of carbon, and 1 of iron 


in its metallic state. The analysis of Robiquet, on the 
contrary, would lead us to suppose that it is a compound 
of hydrogen, cyanogen, and iron, and that these are in 


certain atomic proportions, either forming hydro-cyanic — 


acid and cyanuret of iron, which together constitute the 


be 


. - 
compound acid, or the iron and cyanogen may be consi- — 


dered-as united, forming a compound radical, with which 
the hydrogen is combined, thus constituting a hydr-acid ; 
so that the proper name is hydro-ferro-cyanie acid. 
Adopting the above as its composition, its ingredients 
are, 
iron, . 1 atom 
cyanogen, - 3 atoms 
hydrogen, ’ 2 atoms 
the two first united to form 1 atom of the base, with 
which the 2 atoms of the hydrogen are combined. So — 
that it may be stated to consist of | 
iron } = 3 
pi 8 = 94.5 
2 atoms hydrogen = 25 


1 atom ferro-cyanuret = 


its atomic weight being - - - 132... 

If this opinion, with respect to the composition of the 
acid, be adopted, two views may be entertained of the 
nature of the compounds formed by its action on salifiable 
bases. They may be salts of the acid and metallic oxid, © 
or they may contain the radical of the acid united with — 


a 
F) 
¥ 
¥ 
e 
a 
& 
Pi 


5 
f 


* 


: 


the metal in its metallic state, the hydrogen of the for- 


mer and oxigen of the latter having combined to form 


water. Of course, when the substance is in solution, it z 


isa compound of acid. and oxid. 
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The salts formed by the action of ferro-cyanic acid 
and bases, were long known by the name of Triple Prus- 
siates, from an idea that they contained an acid in union 
with a base, andiron*. ‘They are now generally term- 
ed ferro-cyanates, or hydro-ferro-cyanates. They form 
a very interesting class of compounds, the properties of 
which have been examined by Porret, (Ph. Tr. 1814.)— 
Henry, (Nic. Jour. iii.) —Robiquet, (An. de Chem. et 
de Ph. xvii.)—and Berzelius, (An. of Phil. N. S. 1.) 

Ferro-cyanate of Potass.—It has been already mention- 
ed, that, by burning blood with potass, a substance 
is obtained, which, when mixed with solution of green 
vitriol, gives a bluish precipitate. From this ferro- 
cyanate of potassa can be obtained, by throwing it into 
solution of the alkali, till the fluid ceases to be alkaline, 
having previously washed the blue with sulphuric acid, to 
remove the alumina. Oxid of iron is deposited, and the 
acid is left in union with the potassa. By filtration and 
evaporation, cubical crystals of ferro-cyanate are formed. 
According to Porret, they are composed of 

44.53 acid, 
40.34 alkali, 
15.13 water. 
It is probably a compound of 
1 atom acid, 132 or 48 


2 atoms potass, 120 43.8 
2 atoms water, 22.5 8.2 
274.5 100 


Ferro-cyanate of potassa is soluble in about 3 of cold, 
and in its own weight of boiling water. When heated 
slightly, it loses its water of crystallization; but if the 
heat be strong, it is decomposed ; hydro-cyanic (prussic) 


* Hence the name prussic acid, given to that procured by the decom- 
position of some of the prussiates, and which was supposed to be the one 
existing in the salt. It is now known, however, that, during the ac- 
tion there is a decomposition by which hydro-cyanic is given off, so that 
prussic and hydro-cyanic acid are the same. 
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acid, ammonia, carbonic oxid and acid, and carburetted 
hydrogen are disengaged, and metallic iron, carbon, and 


a> 


potassa, probably in union with cyanogen, remain. ¥ 
It is decomposed also when heated with sulphur, and 
sulpho-cyanic acid is formed. Hence the method for pro-— 
curing it, alluded to in vol. i. p. 343. Equal weights of 
powder of ferro-cyanate and flowers of sulphur are heat- 
ed together for some time in a flask. The residue, when 
cold, is dissolved in water, and by the addition of po- 
tassa, any iron in solution is deposited, and the alkali is 
left united with the sulpho-cyanic acid, and from which — 
the latter can be obtained by distilling it with oil of vi- 
triol. In this instance, sulpho-cyanic acid, which is sup- 
posed to be a compound of cyanogen, hydrogen, and sul- 
phur, must be formed by the sulphur deriving cyanogen — 
and hydrogen from the ferro-cyanate, both of which are 
known to exist in it. d 
Ferro-cyanate of potass is decomposed by the stronger 
acids, as nitric, sulphuric, and muriatic, which throw 
down a whitish precipitate, and disengage hydro-cyanic 
acid ; and hence a method of procuring it in the gaseous 
form.’ For this purpose the crystals are placed into a 
retort, along with a little diluted sulphuric acid, and 
heat applied, by which the acid unites with the alkali, — 
and the ferro-cyanic acid disengaged, but decomposed, 
giving off hydro-cyanic acid, which comes over in the | 
form of gas, and must be collected over mercury. = 
Ferro-cyanate of potass is not acted on by alkalies, or 
alkaline salts. Some of the earthy salts decompose it, — 
with the earth of which its acid combines. With the 
salts of iron, the action is very important. When added 
to these, a precipitate is formed, the colour of which de- © 
pends on the state of oxidation of the metal. With the 7 
proto-salts it is white, but with per-salts it is blue. With — 
the solutions of other metallic salts, precipitates are also — 
in general formed, the colour differing in different cases. 
(See Appendix. ) pe 
When anhydrous ferro-cyanate of potass is mixed tne! 
with the substance called oxid of manganese, the oxigen ; 
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from the latter is transferred to the cyanogen in the for- 
mer, by which cyanic acid is generated, and is left in union 
with the alkali. This is the method recommended by 
Wohler, formerly alluded to, (vol. i. p. 325.) for preparing 
cyanates, (An. de Ch. et de Ph. xxvii.) For this. pur- 
pose equal weights of the dry salt and oxid are calcined 
at a dull red heat, and the residue digested in alcohol, 
by which a solution is obtained that will yield crystals 
when it cools. From this cyanate, the acid may be trans- 
ferred by double decomposition to other bases. 

- Ferro-cyanate of the other alkalies, and of the alkaline 
earths, may be prepared in the same way as ferro-cyanate 
of potassa, and in their general properties are very nearly 
the same. ‘The only one of any interest, is that of ba- 
ryta; because from it ferro-cyanic acid is procured. 
For this purpose, the salt prepared by mixing Prussian 
blue with solution of baryta, is dissolved in water, and 
sulphuric acid is added as long as it throws down a pre- 
cipitate, which is sulphate of baryta. By filtration, the 
acid is obtained pure. 

Ferro-Cyanate of Iron. It has been already mention- 
ed, that when ferro-cyanate of potassa 1s mixed with proto- 
salt of iron, a white ferro-cyanate is precipitated ; but 
when a per-salt is used, the precipitate is blue. The lat- 
ter is the only one of any interest ; it is Prussian blue, 
the method of preparing which has been already describ- 
ed, (vol. ii. p. 13.) . To shew the action of the alkaline 
ferro-cyanate on the salt of iron, a solution of green vi- 
triol, which has been kept exposed to air, and become 
a per-salt, ought to be used; and to render the blue 
deeper, a few drops of muriatic acid should be added to 
the solution. 

Chemists are by no means agreed with respect to the 
composition of this substance. According to Porret and 
Vauquelin, it is composed of ferro-cyanic acid and oxid 
of iron; but Gay Lussac considers it a compound of cy- 
anogen and iron, and therefore a cyanuret. If we adopt 
the view of the composition of ferro-cyanic acid already 
given, (vol.ii.p.14.) and that, like hydr-acids, it is decom- 

VOL, II. B 
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posed by the bases, the oxigen of which is not held by 

a strong affinity, we must consider Prussian blue as 
containing metallic iron, and the compound radical 
of the acid; and if so, during its preparation, the sul- 
phuric acid of the green vitriol and the potassa of the 
ferro-cyanate will form a sulphate, while the oxigen of 
the iron and hydrogen of the hydro-ferro-cyanic acid 

will generate water, leaving the ferro-cyanuret to nie 

with the iron of the oxid, to produce férro-cyanuret of 
zron, or Prussian blue. ‘ 
With respect to the chemical changes during the ma- ; 
nufacture of Prussian blue of commerce, the blood, by. 

its incineration, will yield cyanogen, by the union of } 
part of its carbon and nitrogen; and which, as potassa 
is present, is prevented from escaping; and on mixing 
the product with the solution of green vitriol, the cyano-— 
gen and part of the iron form ferro-cyanuret, which, by 3 
its action on the remainder of the metal, produce the 
Prussian blue. The use of the alum is to render the 

blue more permanent, when employed as a dye-stuff; for 

the excess of potassa with which the blood is burned, 

causes the precipitation of alumina along with the ferro. 
cyanuret. ‘The intention of washing with muriatic acid, 
is to carry off impurities, and to heighten the colour. — - 7 

Prussian Blue is decomposed by a strong heat, a gan 
seous fluid is given off, and hydro-cyanate of ammonia is — 
sublimed, while oxid of iron remains. It is insoluble in. i, 
water, and in acids; but by the latter it is decomposed 
at an elevated temperature. It is decomposed, as al- 
ready stated, by alkalies and alkaline earths, by which 
ferro-cyanates are formed, and oxid of iron precipitated. 

Owing to the ease with which ferro-cyanates act on 
the salts of iron, they are used as tests of it, particularly 
those of potassa and lime. (See Mineral Waters.) 

‘The action between Prussian blue and some of the oxids 
of the metals is peculiar and interesting, particularly with 
that of mercury, as a substance is formed, by the decom- 
position of which, cyanogen and hydro-cyanic acid are 
prepared. When peroxid of mercury is boiled with, 
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Prussian blue, a solution is obtained, which, on evapo- 
ration, yields a compound commonly called Prussiate, 
but now more properly termed Cyanuret of Mercury. 

In this instance, considering the Prussian blue as 

ferro-cyanuret of iron, there is a decomposition of the 
water; the oxigen uniting with the iron to form an 
oxid, which is precipitated, while the hydrogen and part 
of the cyanogen generate hydro-cyanic acid, to combine 
with the oxid of mercury, and produce a hydro-cyanate. 
When this is dried by evaporation, it becomes cyanuret, 
the 2 atoms of oxigen of the oxid, and the 2 of hydrogen 
of the acid, coming off in the form of water. 
_ This substance is easily decomposed by heat and by 
acids, by the former of which cyanogen, and by the lat- 
ter hydro-cyanic acid, are set free. In the preparation of 
the mercurial compound, great attention must be paid, 
otherwise a substance is apt to be generated which does 
not yield pure cyanogen or acid. The process given by 
Gay Lussac, (An. of Ph. vii. and viii.) consists in di- 
gesting red oxid of mercury with twice its weight of 
Prussian blue. A solution is formed, which, on evapo- 
ration, yields prismatic crystals ; but before evaporating, 
it must be deprived of any excess of iron that it may 
contain, by digestion with a little more oxid of mercury, 
and then neutralizing the oxid by muriatic acid. On 
evaporation, prismatic crystals of cyanuret of mercury 
are deposited. 

Instead of employing Prussian blue of commerce, it is 
better to use that prepared by the addition of ferro-cya- 
nate of potass to sulphate of iron. Two parts of it may 
be boiled with three of the red oxid in water, till the in- 
soluble matter becomes quite brown. The solution is 
then to be filtered, and evaporated to dryness. 

For procuring cyanogen, the cyanuret, carefully dried 
at a temperature little below 212, must be placed into a 
retort, and the heat of a spirit-lamp applied, by which 
cyanogen gas is expelled, and may be collected over mer- 
cury; at the same time a little cyanuret of mercury 
comes over in vapour, and is condensed. A black carbo- 
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naceous-looking matter is left in the retort. In this ex- 
periment, the cyanuret is decomposed by the heat, part 
of the cyanogen being driven off, and the mercury, still 
retaining some of it, coming off in vapour. — 
In preparing cyanogen, it is of the utmost consequence 
that the cyanuret be quite free from moisture; for if any 
-water is present, hydro-cyanic acid, carbonic acid, and 
ammonia, are the results; part of the cyanogen, without 
undergoing decomposition, uniting with hydrogen, while 
another part, being decomposed, gives its ingredients, 
nitrogen and carbon, to the hydrogen and oxigen, to 
pr Bates the ammonia and carbonic acid. de 
Cyanuret of mercury, it has been already mentioned, 
is decomposed by muriatic acid, and hydro-cyanic acid 
is liberated. Hence the method of procuring It. Dif. 
ferent processes have been recommended, according to 
the use to which the acid is to be applied. ‘The process 
given by Gay Lussac (An. of Ph. vii.) is the following. 
The cyanuret, with muriatic acid in less quantity than is 
necessary for the neutralization of the mercury, are pu | 
into a retort, to the neck of which there is adaptet 
a tube about two feet in length, 1-3d next the retor 
being stuffed with marble, the remainder with fu 
muriate of lime, (Chlorid of Calcium.) To the en 
the tube there is luted a receiver, kept cool by a freezi 
mixture. On the application of heat, hydro-cyanic aci 
vapour, water, and muriatic acid come off, the last of 
which is retained by the marble, the second by the fused 
salt, while the acid flows on, and is condensed in the re- 
ceiver. Here the water in the muriatic acid gives oxi- 
gen to the mercury, and hydrogen to the cyanogen ; so 
that hydro-cyanic acid and muriate of mercury are the 
products. : 
The fluid obtained by this process is the concent 
acid, the properties of which have been described, (vol. i. 
. 841.) As it is used in its diluted state for me- 
dicinal purposes, there is no necessity for having recourse 
to the complicated apparatus of Gay Lussac, a retort 
and receiver will answer equally well. As, however, the 
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acid is a very powerful agent, it is necessary to be cau- 
tious in the preparation of it, so as to have it always of a 
certain strength. The process followed at the London 
Apothecaries’ Hall consists in placing into a retort, 


Cyanuret of mercury, = - 1 part ; 
Muriatic acid, (sp. gr. 1150) 1 part; 
Water, 2 “ 2 6 parts. 


Having adapted a receiver, heat is applied, and the dis- 
tillation continued as long as acid comes over ; the pro- 
duct is of sp. gr. 0.995. When prepared, it must be 
kept in earthenware bottles, so as to exclude it from 
light, to prevent it undergoing decomposition. 

Another method of decomposing the cyanuret, so as 
to obtain from it hydro-cyanic acid, is to pass a stream 
of sulphuretted hydrogen over it, placed in a tube, the 
end of which terminates in a receiver, kept cool by a 
freezing mixture. In this case the mercury retains the 
sulphur, while the hydrogen and cyanogen unite and 
form the acid, which coming off into the cool receiver, 
is condensed. If the cyanuret be dissolved in water, and 
a stream of sulphuretted hydrogen be passed through. it, 
sulphuret of mercury is deposited, and hydro-cyanic acid 
is left in solution; and hence another method of procur- 
ing it, and by using certain proportions of cyanuret and. 
water, an acid of known strength may always be ob- 
tained. : 


COPPER. 


Corrzr has been longer known than any of the metals. 
Before iron was used, it was employed in the manufac- 
ture of various articles. It is of a reddish colour, has 
considerable lustre, and acquires by friction a peculiar 
odour. It has also considerable malleability and ductility. 
A wire of the 1-13th part of an inch in thickness, will 
sustain a weight of about 300 pounds without breaking. 
Its sp. gr. is 800. Its atomic weight 80. 

When copper is heated in close vessels, to about 50 of 
Wedgewood, (4977 of F.) it melts, and its surface be- 
comes of a fine green colour. | 
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When it is heated slightly in contact with air, it is 
tarnished, and acquires different colours, according to 
the continuance of the heat. If it be kept for some time 
red hot, a dark brown crust is formed, which scales off, | 
and is supplied by another. If highly polished, and 
heated, it assumes various colours, according to the time — 
that the heat is applied; it at first becomes blue, then 
yellow, and afterwards violet; in which states it is em-_ 
ployed for ornamenting toys. When subjected toa very | 
intense heat, as when exposed to the oxi-hydrogen blow- — 
pipe, it burns with a green flame. if 


Oxids. 


Copper unites with two proportions of oxigen. The — 
protoxid 1s, when artificially prepared, of a reddish co- — 
lour. It has been examined particularly by Chenevix. — 
It may be prepared by dissolving the metal in muriatic — 
acid, and keeping the solution over copper filings, and — 
excluded from air. On the addition of potassa, the oxidi 
is precipitated of an orange colour, but soon become 4 
red. It is composed of 

copper, 100 = 1 atom = 80 
oxigen, 12.5 —1 atom = 10 


and its atomic weight is therefore 90 . 
When first precipitated, it is a hydrate, bls it is diffi- 
cult to keep it in the state of protoxid, it absorbs oxigen 
so easily from the air. i 

Peroaid may be procured by heating the scales to 
redness, or by dissolving the metal in nitric acid, and 
precipitating by an alkali. As thus obtained, it is a 
blue hydrated peroxid, but on the application of heat, 
the water is expelled, and it becomes black, Its compo-— 
sition is ¥s ge 

copper, 100 — 1 atom = 80 ; 
oxigen, 25 = 2 atoms = 20 ¢ 


SoS *~ 


and its atomic weight is therefore 100 


The oxids of copper are not reduced by heat alone; heme 
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require the presence of inflammable matter. ‘They have 
a strong attraction for water ; and hence it is that, when 
precipitated, they are in the state of hydrate. 

Copper has no action with water. It does not even 
decompose it at a red heat. When exposed, however, to 
air and moisture, it acquires a greenish crust, which is a 
carbonate, the action being exactly the same as with 
iron, the metal first acquiring oxigen, and then uniting 
with carbonic acid. 

The action between copper and the simple acidifiable 
bodies does not present any thing interesting. 

The acids in general act very easily with copper. 
The salts are usually of a bluish colour, and contain, in 
general, the peroxid. 

Nitrate. 
Nitric acid, either concentrated or diluted, acts very 
powerfully on copper; and the action is important, not 
only as a means of preparing nitrate, but also of procur- 
ing nitric oxid. For this purpose, pieces of copper being 
put into a retort, the acid diluted with 2 of water is 
poured on, and a very slight heat applied ; but when the 
' action commences, it must be discontinued. Part of the 
acid undergoes decomposition, the copper combines with 

as much oxigen as will form it into peroxid, with which 
the remainder instantly unites, while that deprived of its 
oxigen comes off in the form of nitric oxid, and may 
be collected over a water trough. There remains in 
the retort a blue solution, which, on evaporation, yields 
crystals of nitrate. 

Nitrate of copper has a disagreeable taste, is deli- 
quescent, and undergoes watery fusion; when heated 
strongly, its acid is expelled, and the oxid left pure. On 
the addition of alkalies and alkaline carbonates, oxid 
or carbonate is precipitated. 

It is composed of 


2atoms acid, - 135 
1 atom per-oxid, 100 
14 atoms water, 157.5 


so that it is a dt-nitrate. 392.5 


24 SALTS OF COPPER. 


Carbonate. 

It has been already mentioned, that copper is convert 
ed to carbonate by exposure to air and moisture. The 
easiest mode of preparing the carbonate, is by the addi- 
tion of an alkaline carbonate to a salt of copper, by which 
a bluish precipitate is formed, and which, when dried by 
exposure to the sun’s rays, is a pure per-carbonate. 


Sulphate. 


By far the most interesting salt of. copper is the nid 
phate, better known by the name of blue vitriol. ‘Though 
sulphuric acid can dissolve copper, the sulphate is not 
prepared in this way ; it is always procured by a process. 
similar to that by which green vitriol is manufactured, 
by exposing the natural ores containing sulphur and cop- 
per to air, after being moistened, by which both absorb. 
oxigen, the one to become sulphuric acid, and the other 
oxid of copper, and which unite to produce the sulphate, 
or blue vitriol. After it has been exposed to air for some 
time, the residue is washed, the solution filtered and eva- 
porated, by which crystals are produced. a 

As thus obtained, it is of a fine blue colour, having” a 
disagreeable taste; when exposed to air, it acquires a 
whitish crust on its surface, from its losing its water of — 
crystallization. It is soluble in water, forming a blue 
solution, and which is easily decomposed by the alka-— 
lies, the action with ammonia being peculiar. If to 
its solution a few drops of aqua ammoniz be added, a 
powder is thrown down, which is the oxid of copper; 
but if more be put in, the powder is dissolved, and the 
fluid becomes transparent, and of a fine blue colour. 

By the application of heat, sulphate of copper is com- 
pletely decomposed, the whole of the acid being expelled, 
and the oxid left pure. It is composed of d 

acid, 32 2 atoms 100 
oxid, 32 1 atom 100 
water, 36 20 atoms 112.5358 


312.5 
so that it is a bi-sulphate. 
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There does not appear to be any sulphate containing 
the protoxid. | 
_ Copper has the property of forming triple salts with 
sulphuric acid and the alkalies, particularly with ammo- 
nia. The substance called in the Pharmacopceia am- 
moniaretum cupri, is a sulphate, according to Berze- 
lius, sub-sulphate of copper and ammonia. It is pre- 
pared by triturating 2 of sulphate of copper, and: 8 of 
-sub-carbonate of ammonia, till the mixture, which at first 
becomes moist, ceases to effervesce. Hence the carbonic 
acid is disengaged, while the 2 atoms of sulphuric acid 
are left in union with both of the bases. The cause of 
the mixture becoming moist, is the substance not requir- 
ing the whole of the water of crystallization of both salts, 
part of which is therefore set free. The product is of a 
deep blue colour, is soluble in water, giving a rich blue 
solution. 

Sulphuretted hydrogen, passed.through a solution of 
sulphate of copper, gives a black precipitate, and which 
must be considered a sulphuret. 


Arsenite. 


When solution of arsenite of potass is mixed with 
that of blue vitriol, there is a double decomposition, 
and precipitation of arsenite of copper. This sub- 
Stance is of a grass green colour, and is well known by 
the name of Scheele’s Green, being employed as a paint. 
From the ease with which blue vitriol acts on arsenous 
acid, when in combination, it has been recommended as 
a test of arsenic when administered as a poison ; but it is 
not now trusted to, other substances giving precipitates 
with it, which it is difficult to distinguish from those 
containing arsenic. 


Ferro-cyanate. 

On the addition of ferro-cyanate of potass to a salt of 
copper, a brown-coloured precipitate is formed; and 
hence this substance is used as a test of copper. 

The alkalies act on copper. Potassa digested on it 
acquires a bluish colour. When ammonia is kept on the 
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filings, air being excluded, it continues colourless, but‘on 
the admission of air it becomes blue. In the first in- 
stance, a solution of protoxid is formed, but which, by 
exposure to air, rapidly attracts oxigen, and becomes 
per-oxid, giving the blue solution. If the fluid be again 
put into the phial on the filings, in the course of a few 
days it again becomes colourless, the metal depriving the 
peroxid of part of its oxigen, and thus forming itself and 
the other to protoxid. These changes may be effected 
any number of times, taking care to have a sufficient 
quantity of filings. * 

Ammonia, it has been already mentioned, throws down 
precipitates from the salts of copper, and which are re- 
dissolved. Hence the use of ammonia in separating this 
metal from others with which it may be mixed. 

Copper unites with iron, but the union is effected with 
difficulty; the alloy is greys less fusible than copper, and 
magnetic. 

Iron throws down copper from a solution of any of its 
salts. Thus, when a plate of iron is put into a solution ~ 
of blue vitriol, it is very soon covered with a thin coat- 
ing of copper. Here the iron decomposes the salt; it — 
takes the oxigen from it, by which it is converted to 
an oxid, and unites with the acid, so that the copper, be-— 
ing brought to its metallic state, is deposited. 

Copper is not an abundant production. It is found — 
occasionally, though rarely, in its metallic state. In 
general, it is in union with oxigen or sulphur, and — 
sometimes also with other metals. 'The ore from which 
it is chiefly obtained, is the sulphuret, found principal- 
ly in Cornwall, Anglesea, and Hungary. In procur- 
ing it, it is first broken to small pieces, and roasted, 
to drive off the sulphur and arsenic, which it fre- 
quently also contains. It is then put into a furnace and 
melted, being occasionally mixed with a little lime, to in- 
crease the fusibility, and when fluid, it is drawn off 
through a hole in the bottom of the furnace, and put into 
water, by which it is granulated, or reduced to coarse 
powder. ‘The copper thus obtained, is kept at a low red 
heat for some days, and is, after this, repeatedly fused 
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and cast into moulds; and lastly, it is placed in a refining 
furnace with a little charcoal, and again melted, after 
which, if it bear hammering, it is fit for sale. 

Copper, in a state of considerable purity, is occasionally 
procured also from the springs which contain it. For this 
purpose, pieces of iron are thrown in, and left there for 
some time, by which they are dissolved, and the copper 
deposited in their place; so that they appear to be con- 
verted to it, the action being here the same as that 
already noticed, the iron taking oxigen from the salt, 
and combining with its acid to form a soluble compound, 
while the copper in its metallic state is deposited. 

Though the atomic weight of copper has been stated 
as 80, yet some chemists, particularly Dr Thomson, are 
inclined to consider it as only 40. If so, the atomic 
composition of the compounds mentioned will be diffe- 
rent from those given. Thus, instead of the oxids being 
considered, the one a compound atom to atom, and the 
other 1 to 2, that called the protoxid will be a sub-owid, 
consisting of 

2 of copper = 80 

1 of oxigen = 10; 
and the peroxid must be a compound of 

1 atom copper 40 

1 of oxigen 10 
The salts, instead of consisting of 2 atoms of acid and 
1 of oxid, will consist of an atom of each. 

The reason for adopting this atomic number is to get 
quit of the anomaly of the salts of copper containing 2 
atoms of acid; but in doing this, many of the other com- 
pounds, which, if 80 be taken as the atomic weight, consist 
of atom to atom, will become compounds of 2 atoms of 
the metal to 1 of the other substance ; so that an anoma- 
ly, as remarkable as the one we wish to get quit of, is 
introduced ; besides, by considering the salts as contain- 
ing 2 atoms of acid, we can more easily conceive why 
ammonia should form with them triple compounds, than 
if they contained merely 1 atom. For this reason I have 
thought proper to keep the atomic number as 80; of 
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course, whichever number be adopted, it does not affect 
the statements with respect to the proportions of the in- 
gredients of the compounds by weight. 


LEAD. 4 
i 

Lzap has been long known. It is of a pale bluish co- 
lour when recently cut, but very soon tarnishes by expo- 
sure to air. It emits a peculiar odour when rubbed, and 
leaves a dark stain on paper. It is one of the softest and 
least malleable of the metals, and is far inferior in mallea- 
bility, ductility, and tenacity, to iron and copper; a wire 
of the 1-10th part of an inch in thickness, will sustain a 
weight of 18 pounds. Its sp. gr. is 1135. Its atomic 
weight 130. ; 

When subjected to a temperature of about 612, it fuses; 
and if the heat be raised much higher, it is-sublimed. 


| Oxids. 

It is one of those metals which are easily oxidated by 
heat and air. When kept at a high temperature, it loses 
its lustre, and acquires a crust on its surface, and at last 
a white powder is formed. By removing this, or by stir- 
ring, the whole is converted to a greenish substance, 
which is a mixture of oxid with minute particles of metal. 
By subjecting it to heat and air, a yellow powder is form- 
ed, which is a pure oxid, and sold under the name of 
massicot. When this, ground to powder, is kept at a 
strong heat, the flame of the coals at the same time play- 
ing on it, it becomes red, forming miniwm, or red lead, 
and which, when heated suddenly, and a current of air 
allowed to pass along it, undergoes a sort of fusion, and 
forms litharge. : | 

Massicot, or yellow oxid of lead, is tasteless, and inso- 
luble in water. When heated in close vessels, it forms a 
transparent yellow-coloured glass ; but if air be admitted, 
it becomes red. A purer yellow oxid may be obtained, 
by dissolving lead in nitric acid, precipitating by an al- 
kali, and heating the precipitate. This oxid is, accord- 
ing to Berzelius, composed of 
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lead, 100 or 1 atom, 130 
oxigen, 7.7 1 atom, 10 
140 


Minium, or red lead, has also been analyzed by Berze- 
lius, who found it composed of yellow oxid, muriate of 
lead, sulphate of lead, and silica, so that it is not pure 
oxid ; hence, when acted on by acids, it in general gives 
proto-salts, but not pure. It is supposed, however, by 
Berzelius and Thomson, that after the impurities are re- 
moved, there remains a compound having half again as 
much oxigen as exists in the protoxid ; indeed, from 
their experiments, it appears to consist of 

lead, 100 
oxigen, 11.5 

Two views may be entertained with respect to its na- 
ture. It may be a compound of protoxid and peroxid, 
in certain proportions, or may contain 2 atoms of cop- 
per and 1 of oxigen, and may be therefore called either 
deutoxid, or, as has been done with the oxid of a copper, 
a subowid. When minium is acted on by nitric acid, it 
is decomposed, proto-nitrate is obtained in solution, and 
peroxid is precipitated. We may here explain the action, 
by supposing that the acid has merely dissolved the one, 
and left the other, or that it has caused a decomposition ; 
supposing it a suboxid, one part having taken oxigen 
from the other, the latter to become protoxid, the former 
peroxid. 

Peroxid of lead is of a brownish colour ; it is insoluble 
in water. When exposed to heat, oxigen is given off, 
and it becomes protoxid. It is composed of 

lead, 100 latom 130 
oxigen, 15.3  2atoms 20 
150 

Oxids of lead are not reduced by heat alone, they re- 
quire the presence of inflammable matter. Hence, when 
heated with charcoal, carbonic acid and metallic lead 
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are formed, or when hydrogen is passed over them at a 
red heat, water comes off, and lead is left in the tube. - 
Water, when pure, has no action with lead, provided 
air is excluded ; but if it be admitted, the metal is slowly 
oxidated and dissolved. This action goes on more quick- | 


ly when spring water is employed, the presence of the 


minute quantity of saline matter in it favouring the ac- 


tion. Hence the corrosion of leaden cisterns and pipes 


conveyin @ water. 


ple acidifiable bodies, is with sulphur, 


_ Sulphuret. 


Lead unites easily with sulphur, the union being ef- 


fected merely by heating 1 of sulphur with 6 of lead, 


excluded from air. A dark-coloured substance is form- 
ed, which is brittle, less fusible than the metal, and 


when exposed to a strong heat in close vessels, gives off 


The only action of any interest between lead and sim-— 


the whole of its sulphur ; but when heated in air, sulphu- 


rous acid and oxid of lead are the products.» This sub- 
stance is the same as the native sulphuret called galena, 
and which is a very abundant production, occurring 
massive and crystallized. It has been analyzed by Ber- 
zelius, and found to contain 
lead, 100 1 atom 130 
sulphur, 15 latom 20 
150 | 

This sulphuret, like others, when acted on by diluted 
acids, gives off sulphuretted hydrogen gas. 

The acids in general act on lead with great ease, and 
form salts containing chiefly the protoxid. They have 
a sweetish taste, and are decomposed by heat. The first 
of any consequence is the 


Carbonate. 


Carbonic acid does not act on lead, but it may be 
made to unite with its oxid by double decomposition, as 


ia Now 
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by adding alkaline carbonate to solution of any salt of 
lead, by which a white precipitate is formed. ‘Though 
carbonate of lead can be thus procured, it 1s not prepar- 
ed in this way. It is much used in commerce, under the 
names of white lead and cerusse, employed by painters in 
making oil-paints. White lead is prepared by first cast- 
ing the metal into thin sheets, which are coiled up, and 
put into vessels similar to flower-pots. Into these vine- 
gar is poured, till it reaches near the lower part of the 
metal; and by the continued application of heat, it is 
converted to vapour, and, acting on the metal, forms 
a white crust, which is removed by passing the plates 
between rollers, or moving them backwards and _ for- 
wards in water, to prevent the dust from rising, and 
proving injurious to the workmen. The white lead 
thus prepared is subjected to the action of water, by 
which the finer is separated from the coarser part. In 
this process, the vinegar, a compound of carbon, oxi- 
gen, and hydrogen, is decomposed; it gives oxigen 
to the lead, to convert it to an oxid, while a part of the 
carbon and oxigen unite, to form carbonic acid, which 
combines with the oxid, thus producing the carbonate, 
or white lead. 

When carbonate of lead is exposed to heat with char- 
coal, the acid is expelled, and the metal left pure. It 
is decomposed by the acids which unite with its oxid, 
and disengage its acid. 

According to Berzelius, it is composed of 

acid, 16.5 - latom 27.5 
oxid, 83.5 1 atom 140 
167.5 

When a salt of lead is dissolved in common water, the 
solution is always turbid; or if a transparent solution of 
any of its salts be diluted with water, it also becomes 
turbid, from the deposition of carbonate, owing to the 
presence of some carbonate in the water. The transpa- 
rency can, however, be easily restored by the addition of 
a few drops of the acid that exists in the salt employed. 
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Sulphate. 

Sulphuric acid, at a natural temperature, does not act 
on lead, but when boiled on it the metal is slowly oxi- 
dated, at the expense of part of the acid, and sulphate is 
formed. Sulphate may also be procured by the addition 
of sulphuric acid or a sulphate to a salt of lead, by which 
a white powder is deposited. 

It may be exposed to a high temperature, without un- 
dergoing any change. But when heated with charcoal, it 
is decomposed, the acid and oxigen being expelled, and 
the lead left pure. It is soluble in sulphuric acid, forming 
super-sulphate, in which state it exists in common oil of 
vitriol, owing to the action of the acid on the lead of the 
chambers in which it is prepared ; and that it does so, is 
proved by mixing it with water, and allowing the mix- 
ture to become cold, by which a white powder is deposit- 
ed; and hence the method of purifying the acid when re- 
quired for particular experiments, by diluting it with 
water, drawing off the clear fluid, and if required strong 
concentrating by evaporation. 

Sulphate at lead is composed of 

acid, 26.5 latom 50 
oxid, 3.3 l atom 140 
190 | 

Sulphuretted hydrogen, either gaseous or liquid, throws 
down a dark-coloured precipitate from any of the salts 
of lead ; and the same happens on the addition of any hy- 
dro-sulphuret. It must be considered a sulphuret, the 
hydrogen of the acid and oxigen of the oxid having 
combined to form water. It is from the ease with which 
salts of lead act on sulphuretted hydrogen, that they are 
employed as tests of it when in solution, (See Mineral 
Waters ; ) and hence also their use as a sympathetic ink. 

There are two kinds of sympathetic ink :—those which 
are colourless, but may by certain means be made visible; 
and those which, being coloured, can be made to change 
their appearance. Salts of lead belong to the first class. 
If, for instance, traces be drawn on paper with a solution 
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of any salt of lead, they are invisible, but the moment 
the paper is immersed in sulphurous water, or after being 
breathed on to moisten it, is exposed to sulphuretted hy- 
drogen gas, they become black from the deposition of 
sulphuret. For these experiments, sugar of lead which 
contains the oxid in union with acetic acid, or acid of 
vinegar, answers well. 


Muriate. 


Muriatic acid acts feebly on lead; it dissolves the oxid, 
and from the solution slender crystals may be obtained. 
Muriate, (or rather chlorid,) may also be procured by 
the addition of a concentrated solution of muriate of 
soda, to that of a salt of lead. It then forms a white 
powder, soluble in about 22 of cold water. It is soluble 
in acids, but decomposed by alkalies, its acid seemingly 
being divided between the alkali and oxid, and forming 
compounds which may be separated by water, the former 
only being soluble. The latter is a white powder, but 
when heated becomes of fine yellow. It is the same as 
the substance at one time much used as a pigment, un- 
der the name of J’'urner’s yellow, the residue of a process 
formerly carried on for decomposing sea salt, but now 
given up as too expensive. : 

- Whenseasalt is made into a paste with litharge, it is de- 
composed, its acid unites with the oxid, and the soda is set 
free. Hence the patent process of Turner for decomposing 
sea salt, which consists in mixing two parts of the former 
with one of the latter, moistening them, and leaving 
them together for about 24 hours. ‘The product is then 
washed with water, filtered, and evaporated, by which 
soda is obtained. A white substance is left undissolved ; 
it is a compound of muriatic acid and lead, and which, 
when heated, changes its colour, forming T'urner’s yellow. 

The alkalies do not act on lead. ‘They dissolve the 
oxid, and hence a means of separating them from some 
of those of other metals. : 


- The oxids of lead form excellent fluxes with earthy 
VOL. II. c 
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matter ; hence they are used for causing them to melt 
more easily. Thus, litharge is employed in the manu- 
facture of glass, by which the materials are more readily 
fused, and the glass acquires a greater lustre. (See vol. i. 
p- 505.) When the litharge is in large quantity, it makes 
it yellow. White lead is employed, when mixed with 
powdered flints, and sometimes also with sea salt, as @ 
glazing for stone-ware. (See vol. i. p. 509.) 

Lead, in its metallic state, is employed in thin sheets 
for covering the tops of houses, and in finer plates for 
lining the inside of boxes, and for covering the mouths of 
bottles in which volatile fluids are kept, the bottle being — 
first covered with bladder, then with sheet lead, and 
again with bladder. 

Lead is.an abundant production of nature. The ore 
from which it is usually;procured, is the su/phuret, or ga- 
lena, and which is easily reduced by heat alone. For this 
purpose, after being freed from its stony impurities, it is 
placed in a furnace, and made quickly red hot, being fre- 
quently stirred ; and when it begins to soften, the tempera~ _ 
ture is reduced, till the whole of the sulphur is expelled. 
The fire is then made brisk, to cause the lead to be melt- 
ed, and collect at the bottom of the furnace ; after which, 
lime is thrown in, to thicken the impurities that collect. 
on the surface, and the fused metal is drawn off into ob- 
long moulds. 

Lead ore frequently contains a sufficient quantity of 
silver to make it of consequence to extract it from it. 


(See Silver.) 


TIN. 


_ Try has been long known. It is of a whitish colour, 
with considerable lustre, having somewhat the appearance 
of silver. It is very malleable, being easily beat out to 
leaves which are generally about 1-1000th part of an inch 
in thickness, but finer leaf can also be prepared. It is not 
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possessed of much ductility, nor is it very tenacious, a wire 
of the 10th part of an inch sustaining a weight of only 
about 50 pounds. It has but little elasticity, and in bend- 
ing emits a crackling noise. It is so soft, as to be easily 
cut. When exposed to air, it tarnishes, though slowly. It 
melts at 442, and if the heat be continued, it acquires a 
white crust on its surface, which soon becomes yellow ; 
and if the temperature be high, and a stream of air pass- 
ed over it, it takes fire and forms an oxid, as is easily 
shewn, by melting it in a ladle, and blowing on it, tak- 
ing care to keep up the heat. Its sp. gr. is 7200. Its 
atomic weight 72.5. 


Oxids. 


Tin forms with oxigen two oxids :—the protoxid, or 
that generated by exposing it to a moderate heat; and 
the peroxid, or that obtained by subjecting the former 
to a higher temperature. 

Protoxid, though it may be formed by the exposure of 
tin to heat, is obtained in a greater state of purity by 
other processes. By dissolving the metal in muriatic 
acid, excluded from air, precipitating by potass, and 
drying the precipitate, or by pouring very much diluted 
nitric acid (1 to 10,) on tin, and allowing the action to 
go on spontaneously, a protoxid is formed. It is of a 
dark grey colour ; is insoluble, and not decomposed by 
heat: According to Dr Davy, Berzelius, and others, it 
is composed of 

tins 100 1 atom = 72.5 

oxigen, 13.61 atom = 10 

82.5 

_ Pure peroxid may be obtained by exposing the prot- 
oxid to heat and air, or by throwing tinfoil into ni- 
tric acid, diluted with an equal quantity of water. Ni- 
tric oxid is given off, and a white powder is left, which, 
after being washed and slightly heated, to carry off su- 
perfluous acid, is peroxid. It is decomposed by heat. It 
c2 
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is insoluble in acids unless when in the state of hydrate. 
It is composed of 
tin, 100 latom = 72.5 
oxigen, .. 27.2 2 atoms = 20. : 

Another oxid has.been mentioned by Berzelius, in 
which the oxigen is in quantity intermediate to that in 
the other oxids, but its existence has not been suflicient- 
ly established by experiment. 

In throwing down the oxids of tin from any of: their 
salts, they are generally in the state of hydrate, but from 
-which the water is expelled by heat. 


Sulphuret. 


Tin unites with sulphur, and forms two compounds, a 
proto-sulphuret, and per-sulphuret.. When tin, sulphur, 
muriate of mercury, and,muriate of ammonia, are heated 
together, a substance of a golden colour is formed, long 
known by the name of aurum musivum. This is now 
generally procured by heating equal parts of sulphur and 
the protoxid, by which sulphurous acid is disengaged, 
_and sulphuret of tin is left. When first prepared, it was 
supposed to be sulphuret of the oxid, but the experiments 
of Davy and Berzelius have proved it to be a sulphuret 
of the metal. _ It is obtained in small shining scales of a 
golden yellow colour. When exposed to a strong heat, 
excluded from air, sulphur is expelled, and another sul- 
phuret, with a less proportion of sulphur, is formed. 
The latter of these is proto-sulphuret, composed of 

tin, 100. 1 atom —= 72.5 

sulphur, 28 1 atom = 20; 
and the former is a per-sulphate, composed, according to 


Davy, of 


t 
] 
4 


tin, 100 -;.. 1 atom = 72.5. 
sulphur, 56.25 2 atoms = 40. . 
Proto-sulphuret of tin may also be obtained by heating 
together tin filings and sulphur, and continuing the heat 
till the excess of ye latter is expelled. 
, The acids act easily on tin, and form salts containing 
both of the oxids, 
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Nitrate. 


When tinfoil is thrown into nitrous acid, previously 
mixed with a little water, a white powder is deposited ; 
hence, if we wish the metal to be dissolved, and a salt to 
be formed, the acid must be more diluted. If it be 
largely diluted, the action goes on very gradually, the 
metal acquiring oxigen both from it and the water; and 
as nitrogen from the one, and hydrogen from the other, 
come off, they unite, and form ammonia, so that the 
fluid contains nitrate of tin, and nitrate of ammonia ; 
and that it does so, is proved by the addition of lime, 
by which the alkali is disengaged. ‘This formation of 
ammonia is generally given as one of the synthetic proofs 
of its composition. 

When sulphuretted hydrogen gas is passed through a 
solution of a salt of tin, containing the protoxid, a dark- 
coloured precipitate is formed; but when one with the 
peroxid is used, the precipitate is of the colour of the 
aurum musioum. 

Muriate. 

By far the most important salt of tin, is that with mu- 
riatic acid. ‘This acid acts feebly on it, at a natural 
temperature ; but by the application of a slight heat, it 
dissolves it, the metal having previously acquired oxigen 
from the water. The muriate thus formed, is of a pale 
yellowish colour, easily decomposed by the affusion of 
-water, a whitish powder being precipitated. 

Muriate of tin has a great tendency to absorb oxigen ; 
hence, when exposed to the air, it unites with it, and be- 
comes permuriate. If, when in this state, it be concen- 
trated by evaporation, a fuming fluid is obtained, for- 
merly known by the name of fuming liquor of Libavius, 
owing to the emission of white fumes, which are the salt 
itself rising in vapour, and uniting with the moisture of 
the air.. This, according to some, is not a muriate, but 
a liquid chlorid, containing only chlorine and tin, the 
whole of the hydrogen of the acid, and oxigen of the. 

oxid, having been expelled by evaporation. 
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A similar compound may be obtained by distilling 1 
of powdered tin with 3 of corrosive sublimate, (perchial 
rid of mercury,) by which the chlorine is transferred to 
the tin, and chlorid is sublimed, and may be condensed 
in the receiver. When thus procured, it emits fumes the 
moment it is exposed to the air. According to Dr Davy, 
it consists of tin 58, chlorine 72, which is very nearly I 
atom of the former to 2 of the latter; so that it may 
be considered a per-chlorid, analogous, of course, to the 
solution of per-muriate. . 

From the great avidity of proto-muriate of tin for oxi- 
gen, it absorbs it from many of the per-salts of other 
metals, and reduces them to the state of proto-salts. . 

The action of nitro-muriatic acid.on tin, is also im- 
portant. When pieces of tinfoil are thrown into it, a 
transparent brownish fluid is formed, which becomes of 
the consistence of jelly, and is decomposed by the _ 
tion of water, the oxid being precipitated. 

Muriates of tin are employed by dyers as siobail 
and also for affording a rich red colour with some dye- 
stuffs. A cheap solution of tin for the same purpose, is 
prepared by dissolving 14 ounces of it in 3 pounds of mu- 
riatic and 1 of sulphuric acid. ( Bancroft. on Dyeing.) The. 
colour, with per-muriate, is not only bright, but perma- 
nent ; and hence its use in making red ink. To make this, 
boil 1 lb. of chips of Brazil logwood in three quarts of| 
water, for half an hour; strain the decoction, and eva- 
porate to a pint (English,) then add. half an ounce of,so- 
lution of muriate of tin which has been exposed to the 
air, half an ounce of spirit.of wine, a quarter of an ounce’ 
of muriatic acid, and a quarter of an ounce of brown, 
sugar. Muriate of tin, for this purpose, is prepared, by, 
dissolving tinfoil in muriatic acid, keeping the flask near, 
a fire to promote the action. 

The alkalies unite with the oxids of tin, and likewise. 
with some of its salts, forming triple compounds. The 
earths also combine with the oxids, and form an opake, 

glass; and hence its use in the manufacture of enamel. 
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Alloys. 


Tin unites with the greater number of metals, with 
some of which it forms very important alloys. It does 
not combine very easily with iron, but they can be made 
to enter into union, by melting them in a covered cruci- 
ble. ‘Tinning of iron depends on the attraction exerted 
between them. Tinned iron, or white iron, as it is com- 
monly called, and sometimes, but improperly, tin, is 
formed, by dipping very thin sheets of iron into melted 
tin, previously mixed with about 1-10th part of copper, 
which prevents too much of it from adhering to the iron, 
and having its surface covered with tallow, to keep it 
from undergoing oxidation, at the high temperature to 
which it is exposed. 

Tinned iron is a very useful alloy; it does not easily 
rust; besides, the elasticity of the iron is not much im- 
paired, and, owing to the fusibility of the tin on its sur- 
face, two pieces of it are easily soldered together. 

Pots are often lined with a thin layer of tin, which is 
done by first rubbing over their surfaces with sal ammo- 
niac, and after heating them, pouring in some melted 
tin, and revolving them, so that the whole of it may be 
brought in contact with the iron, by which it acquires a 
coating, that prevents it from undergoing any change by 
exposure to air. 

Perhaps the alloys of tin and copper are the most 
useful. Tin diminishes the ductility, but increases the 
hardness and tenacity of copper, and it also renders 
it more sonorous, and more easily fused. To procure 
an alloy in the proportion in which the metals are 
mixed, it is necessary to keep the mixture long in fu- 
sion, and to stir it constantly during cooling. In this way 
are formed bronze, gun metal, dell metal, and that used for 
the reflecting mirrors of telescopes. The two first are 
compounds of 100 copper, and from 8 to 10 of tin. The 
alloy is yellow, and is more easily melted than copper ; 
hence its use in making statues. It was used also by the 
ancients before iron was known, for swords, spears, and 
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other warlike instruments, and many of their sharp-edged 
tools and medals were made of it. Bell metal is composed 
of 100 of copper, and about 30 of tin, the ¢oneh of the 
Indians being nearly of the same composition; and the : 
metal for telescopes contains a still larger proportion of 
tin, about 100 to 50. 

Tin unites with lead in almost every proportion; the 
alloy is easily fused, hence it is employed as a solder; 
plumbers’ solder being usually composed of about equal 
parts of tin and lead. 

Tin is not an abundant production of nature. It is 
found in but few places, as in Gallicia in Spain, in Sax- 
ony, Bohemia, and in Cornwall in England. Its ores 
are the sulphuret and oxid, from the latter of which it is 
got, by heating it with inflammable matter. For this 
purpose, after being freed as much as possible from 
earthy impurities, it is roasted to drive off any sulphur, 
and then mixed with coal or coke, and again subjected 
to heat, during which the carbon unites with the oxigen, 
and the tin, brought to its metallic state, is fused, and 
is drawn off in shallow pits. When solid, it is exposed 
to a moderate heat, so as to melt the purest part, which 
is run off mto moulds, and forms grain tin. What is 
left is common tin, which is not so pure as the other, 
containing a little copper, iron, and arsenic. 


ZINC. 


Zinc has not been long known, but one of its com- 
pounds was used by the ancients in the formation of 
brass, of the nature of which, however, they were igno- 
rant. The metal itself seems to have been discovered 
about the middle of the 16th century. 

_ When pure, it is of a bluish colour, hard and brittle, 
and, when recently broken, of considerable lustre. Its 
sp. gr. varies from 6870 to 7100, the lightest being 
considered the purest. Its atomic weight is 42.5. It 
was formerly considered one of those metals not possess- 
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ed of malleability or ductility, but is now known to have 
both of these qualities. By cautious and equal pressure, 
it may be extended to plates, and by heating it to a cer-. 
tain temperature, its malleability and ductility are much 
increased. The degree at which this takes place, is 
from 212 to 300. It may be then beat to thin plates, 
and drawn into fine wire, which, when annealed, retains 
considerable tenacity, one of the 10th of an inch in thick- 
ness sustaining a weight of about 26 lb. 

If the zinc be raised much beyond the temperature 
stated, as to about 400, it becomes so brittle, that it is 
easily reduced to powder. 

When heated in close vessels to about 680, or 700, it 
melts, and by a higher temperature is volatilized. 

When exposed to the atmosphere, it is slowly tarnish- 
ed; but does not undergo any particular change. 

When heated in contact with air, it soon acquires a 
crust on its surface, and if it be stirred when in this 
state, the whole of it is converted to a greyish powder, 
which is an oxid. If the temperature be high, it takes 
fire and burns with a bright flame, which becomes more 


brilliant by blowing on it, (vol. i. p. 192.) 


Oxid. 


The oxid thus formed is grey, and cannot be decom- 
posed by heat alone ; it requires the presence of -inflam- 
mable matter, as charcoal; and the process must be car- 
ried on in vessels from which the air is excluded, other- 
wise the metal, when formed, instantly unites with oxi- 
_gen, and again becomes an oxid. 

Oxid of zinc is sometimes employed by painters, instead 
of white lead, in the preparation of their paint. Though 

it is more troublesome to work with, yet in other respects 
it is preferable to white lead. It is not at all liable to 
become dark coloured, and it does not prove injurious to 
the workmen. 

We are acquainted with only one compound of zinc 
and oxigen. It is that formed by the action of heat and 
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air on the metal, or it may be prepared by precipitation 
from any of its salts. It has been examined by Proust 
and Berzelius, who agree in making its composition to be, 


zinc, 100 latom, 42.5 
oxigen, 24.5 1 atom, 10 
so that its atomic weight is - 52.5 


Zinc decomposes water at a natural temperature, slow- 
ly acquiring a crust on its surface, and at the same time 
evolving hydrogen gas. If the water be brought into 
contact with it at a high temperature, the decomposition 
is rapid, and accompanied with the evolution of a large 
quantity of hydrogen, and the formation of the oxid al- 
ready described. 

Sulphuret. 

The only action of any interest between zine and sim- 
ple acidifiable bodies, is with sulphur. The compound 
is not easily formed synthetically, the substances having’ 
apparently little affinity for each other. When, how- 
ever, sulphur and the oxid are heated, oxigen is disen- 
gaged, and a sulphuret is fermed. The same is produc- 
ed by passing a stream of sulphuretted hydrogen through 
solution of a salt of zinc, or by subjecting dried sulphate 
to heat along with charcoal, by which the oxigen of the 
acid and oxid combine with the carbon, and leave the 
sulphur and metal in union. The sulphuret is white, in 
this respect differing from those of other metals. It re- 
sembles in its composition the native compound called 
blende, and which, according to Thomson, contains 

zinc, 67.2 latom 42.5 
sulphur, 32.8 latom 20 


Nitrate. 


The acids act with great ease on zinc, owing to its 
powerful attraction for oxigen. When zine filings are 
thrown into nitric acid, diluted with an equal quantity 
of water, the action is violent, and accompanied with the 
disengagement of nitric oxid ; it is necessary therefore to 
have the acid more diluted, to allow the solution to go 
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on slowly. The product is a transparent colourless fluid, 
which on evaporation yields crystals of nitrate. 


Carbonate. 


When to a solution of nitrate, or of any other soluble 
galt, that of an alkaline carbonate is added, a white car- 
bonate of zine is precipitated. ‘The carbonate is, how- 
ever, seldom prepared in this way, being a native produc- 
tion, known by the name of calamine, and of which there 
are two kinds; the hydrous and anhydrous, the latter, ac- 
cording to Thomson, composed of 
acid, 34.37 latom 27.5 
oxid, 65.63 latom 52.5 
and the artificial compound prepared by precipitation 
and cautious drying, is of the same composition. 
Hydrous carbonate is of a yellowish white colour, and 
is generally stalactitical. It is, according to the same 
authority, composed of 
1 atom acid, Q7.5 
1 atom oxid, 52.5 
1 atom water, 11.25 


Sulphate. 


By far the most interesting action of zinc and acids, 1s 
with sulphuric. Concentrated oil of vitriol does not act 
on zinc, but when water is added, there is an immediate 
action and disengagement of hydrogen gas, so that the 
metal must acquire oxigen, not from the acid, but from 
the water. The hydrogen given off in this process, is 
much purer than that got by the action of iron. It is of 
less specific gravity, and has also a less unpleasant odour. 
Hence the method generally practised when it is required 
pure. For this purpose, 4 parts of zinc, and 5 of sul- 
phuric acid, are put into a retort, along with 20 of water, 
and the action allowed to go on for a short time before 
the gas is collected. When it has ceased, there remains 
in the retort a small quantity of carbonaceous matter, 
derived from the impurities of the zinc. . The solution 
is transparent and colourless, and yields on evaporation, 
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beautiful transparent right rhombic prisms of. sulphate 
of zinc, or white vitriol of commerce. The composition 
of the sulphate varies, at least with respect to the quan- 
tity of water of crystallization, according to the mode of 
preparation. When obtained by the spontaneous evapo- 
ration of a cold solution, they contain 
N acid, 27.58 latom 50 

oxid, 28.96 latom 52.5 

water, 43.46 7 atoms 78.75 

When procured by cooling a warm saturated solution, 

they contain 2 
acid, 36.7 l atom 50 
oxid, 38.54 latom 52.5 
water, 24.76 3 atoms 33.75 

Sulphate of zinc has a disagreeable styptic taste. It 
is soluble in 1.4 of water at 60, and at a boiling heat, in 
its own water of crystallization. When the temperature 
is raised, the whole of the water is expelled, and the dry 
salt left, which, by the application of a still stronger heat, - 
is decomposed, the acid being expelled, and leaving the 
oxid pure. It is decomposed by the alkalies, and by the 
alkaline carbonates, the oxid being precipitated by the 
former, and carbonate by the latter. 

Though sulphate of zine can be prepared by the so- 
lution of the metal in diluted sulphuric acid, it is 
seldom obtained from that source, being in general 
procured by a process similar to that by which sulphate 
of iron is formed, by roasting the native sulphuret, by . 
which the sulphur and metal both acquire oxigen, 
and become sulphate. The residue is then dissolved, 
filtered, and evaporated, and yields white vitriol of 
commerce. ‘This is not, however, a pure sulphate. 
It contains a little iron, which gives it a brownish tinge, 
and when dissolved in water, affords a solution apt to 
throw down a brownish precipitate, when kept for some 
time. Hence, when employed in medicine, either as an 
emetic or as a wash, it is ordered to be prepared by 
the solution of the metal. The process is the same as 
that followed in the preparation of hydrogen gas. 
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It has been already mentioned, that when sulphuret- 
ted hydrogen is added to a salt of zinc, a white precipi- 
tate is formed, and which is a sulphuret. This is also 
easily procured, by the addition of an alkaline hydro- 
sulphuret to the sulphate. The action of sulphuretted 
hydrogen is quite characteristic of zinc, and sufficient 
to distinguish it from other metals. 


_ Ferro-cyanate. 


On the addition of ferro-cyanate of potass to solution 
of sulphate of zinc, a white precipitate falls, which is 
ferro-cyanate of zinc. The white vitriol of commerce, 
however, affords a pale blue one, owing to the presence 
of iron. 

The alkalies unite with the oxid of zinc, and form a 
compound soluble in water. On the addition of potassa 
to the solution of the sulphate, a white oxid is deposited, 
but disappears on adding an excess. From the solution 
the oxid may again be precipitated, by the neutralization 
of the alkali. 


Alloys. 


Zine unites with a number of the metals, and forms 
some very important alloys, the most useful of which is 
brass. 

_ Owing to the low temperature at which zinc is melted, 
and even volatilized, it is difficult to obtain a perfect 
alloy of it and copper, because, before the latter 1s fused, 
a great deal of the former. is dissipated. There is, how- 
ever, an easy method of alloying them by what is call- 
ed cementation, which consists in exposing copper to 
heat, along with a mixture of zinc ore and charcoal, 
during which the ore is decomposed, zinc is formed, and 
unites with the other, and converts it to brass. For this 
purpose, the ore, after being roasted, is mixed with char- 
coal, and put into large earthen pots with pieces of copper, 
and when the lids are secured, heat is applied, sufficient 
to soften, but not to melt the copper, because the zinc, 
when brought to its metallic state, will penetrate it; but 
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after the brass is formed, the temperature is raised, by 
which it is melted and drawn off into moulds. The pro- 
portions of the ingredients of brass vary in different 
places. In some, 40 of copper and 60 of zinc ore are em- 
ployed, which yield about 60 of alloy, making the pro- 
portions 2 of the former to 1 of the latter. It is seldom, — 
however, that the quantity of zinc is so high; in general 
it does not exceed 20 per cent. 

Brass is more fusible than copper, and is malleable 
when cold. It possesses, however, one disadvantage, that 
of being decomposed at a high temperature, for, when 
kept long melted in contact with air, the greater part 
of the zinc is consumed; so that, in working with it, 
the temperature ought not to be allowed to approach that 
at which the zine will be taken from it. 

Zine with a larger propor tion of copper forms alloys, 
which are only employed in making trinkets, as pinch- 
beck, tinsel, and Dutch-leaf: These are generally procured 
by melting brass with an additional quantity of copper, 
the proportions varying according to the colour required. . 

Zinc, by its strong attraction for oxigen, decomposes 
the salts of other metals, with the oxigen and acid of 
which it unites to form a soluble compound, while the 
other metal is deposited in its metallic state. ‘The action 
is well illustrated with salts of lead; and, when a weak 
solution is used, it goes on slowly, and the metal, 
during its decomposition, assumes a dendritic appear- 
ance. Hence the method of forming what is commonly 
called a zinc tree, but, properly speaking, a lead tree. 
For this purpose, a piece of rough zinc is suspended near 
the top of a tall bottle, full of a solution of a salt of lead, 
and kept without agitation. ‘The moment it is introduc- 
ed, it is covered with a thin film of lead, the quantity of 
which gradually increases, till at last it nearly occupies 
the whole of the bottle. The salt employed, is sugar of 
lead, one ounce of which is dissolved in 30 of water, and 
the solution filtered; or, to render it clear, a few ine 
of vinegar may be added. 

In this instance, the decomposition is generally hse. 
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ed to the superior affinity of the zinc for oxigen, but it is 
evident from the manner in which the lead is deposited, 
that, besides this, there is an action of a different nature. 
It is supposed that galvanism is concerned in causing the 
dendritic appearance. When the zinc is put into the so- 
lution, owing to the strong affinity for oxigen, it takes 
it from the oxid of lead, itself becomes oxid, and unites 
with the acetic acid, forming an acetate, which is dissolv- 
ed; while the lead, deprived of its oxigen, is deposited 
in its metallic state, and adheres to the zinc. ‘There are 
therefore two metals in contact in a saline solution, by 
which galvyanism is excited, and causes the decomposition 
of the water; its hydrogen being evolved where it is in 
contact with the lead, and its oxigen where it is in con- 
tact with the zinc. The zinc and oxigen unite, and form 
oxid, while the hydrogen is supposed to deprive the oxid 
of lead of its oxigen, generate water, and cause the depo- 
sition of lead. If this explanation be adopted, we can 
easily conceive why the lead should be deposited at a dis- 
tance from the apparent sphere of action, and thus as- 
sume the dendritic form ; in fact, the deposition of lead 
is going on, not where the zinc is in contact with the so- 
lution, but at the extremities of the tree, each particle 
set free attaching itself to that deposited immediately be- 
fore it. 

Zinc does not occur in its metallic state, nor are its 
ores numerous. It is found chiefly in union with sulphur 
and carbonic acid, in the substances called blende and 
calamine, from which it is always obtained. For this 
purpose, the ore is first roasted, to drive off the carbonic 
acid from the one, and the sulphur from the other; after 
which it is mixed with charcoal, and reduced by the appli- 
cation of heat. The vessels in which the smelting is 
conducted, are large earthen pots, through the bottom 
of which there passes a-tube, the upper end termina- 
ting by an opening near the top; the lower one going 
through the furnace into water. After they are filled 
with the mixture of ore and charcoal, the lids are put on, 
and heat applied, by which the- metal is reduced and con- 
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verted into vapour, which passes through the tube, and 
is condensed in the water. It is after this melted, and 
poured into moulds. | 


MERCURY. 


Mercury, or quicksilver, was well known to the an- 
cients, and used by them in many of their operations. 
It is distinguished from other metals by its being fluid 
at a natural temperature. It has a bluish white colour, 
and very resplendent. Its sp. gr. is 1856. Its atomic 
weight 250. When thrown on a table, it collects into a 
globule, and provided it is pure, runs without leaving a 
tail. It has neither taste nor smell. By exposure to 
air, it attracts moisture and dust, which render its sur- 
face dull; but it is easily freed from these by nee 
it through a leather bag. 

By the abstraction of caloric mercury may be made to 
freeze, the congelation occurring at about —39, and during 
its change of form, contracts considerably, consequently 
increases in specific gravity. It was this that gave rise 
to the idea, that the freezing point was very low. In 
Braun’s experiments the thermometer was found to stand 
at —556, and which was occasioned by the mercury hay- 
ing been frozen, and during its congelation and contrac- 
tion sunk in the stem of the instrument. According t 
Cavendish, the diminution is equal to what it would sul 
fer by passing from 500 to 0, that, is about 1-23d of its 
volume. Fi 

Solid mercury, according to Biddle, is of sp. gr. 1561. 
It is malleable, and easily cut, presenting the appear- 
ance of a piece of recently cut lead. 

Mercury at a natural temperature is, according to 
Faraday, constantly giving off a little vapour. If, for 
instance, a piece of gold leaf be suspended at the top o of ‘a 
phial in which there is a little mercury, it oi at slow- 
ly amalgamated, proving that part of the fluid must have 
risen in vapour to affect it. — 
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By the application of heat, mercury expands more 
uniformly than any other fluid; indeed, according to 
Dulong and Petit, the expansion between 32 and 212 
keeps pace with the increase of temperature; and hence 
its value in the construction of thermometers. 

The boiling point of mercury has been differently stat- 
ed. It is according to Irvine 672,—Creighton 655,— 
Dalton 666,—Daniells 644. It then passes off in va- 
pour, which condenses unchanged in its properties, in the 
cool part of the apparatus. By this means, we are en- 
abled to free it from the impurities which it usually con- 
tains, as when it is required pure for filling thermome- 
ters. For this purpose, it is placed into an earthenware 
or iron retort, the mouth of which terminates in a basin 
of water. By applying heat, the mercurial vapour is 
given off, and condensed in the water, from which it is 
easily freed, by pouring off the fluid, and then passing 
the mercury through a towel, and keeping it in bottles, 
so as to exclude it from the air. 

Mercury is not acted on by water. 


Oxids. 


_ Mercury is not oxidated by mere exposure to air, but 
it may be converted to an oxid by agitation or tritura- 
tion in contact with it even at a natural temperature. 
When, for instance, a phial with a little of it is tied to the 
wheel of a carriage, or to any piece of machinery, a grey- 
ish-coloured powder is gradually formed, more particu- 
larly if moisture is also present. When it is tritu- 
rated with any viscous or unctuous substance, the oxi- 
dation is hastened; and hence the method of oxidating 
it, as ordered by the pharmacopeeia in the preparation of 
blue ointment and blue pill, in which it is rubbed along 
with lard or conserve of roses. 

The oxid prepared in this way is, however, seldom 
pure. It contains a great deal of metallic mercury ; and 
hence the difference in the statements given with respect 
to its composition. When properly formed, it is a dark- 


coloured powder, insoluble in water, and easily decom- 
VOL, Il. D 
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posed by heat. The statements given of its composition 
all very nearly agree. They are, according to 


Davy. Fourcroy- Donovan. 
metal 100 100 100 
oxigen 3.94 4.00 4.12. 


That of Fourcroy may be considered correct, for 
as 100:4:: 250:10; 
so that it is a protowid, composed of 
1 atom mercury, 4 250 
1 atom oxigen, - 10 
its atomic weight being 260 

Protoxid of mercury may also be prepared by the ac- 
tion of solution of potass or lime on the proto-chlorid, 
by which the hydrogen unites with the chlorine to form 
muriatic acid, and the oxigen with the mercury to form 
protoxid. Hence the method given in the pharmaco- 
peias for procuring it. (See Calomel.) 

When the protoxid is exposed to heat and air, it ab- 
sorbs more oxigen, and becomes perorid; and the same. 
happens also with metallic mercury, the oxigen being 
slowly absorbed. The best apparatus for this purpose 
is a flask, with a flat bottom, and long narrow neck, so 
that the air may be freely admitted, but the vapour of 
the metal prevented from escaping. By long continued 
heat in this way, a reddish-coloured substance is formed. 
The process is, however, a very tedious one, requiring 
the action to be kept up for weeks. - 

The oxid thus prepared is easily decormposed by a 
strong heat, the whole of the oxigen being expelled, and 
the metal left pure. It contains double the quantity of 
oxigen that exists in the protoxid. It is therefore com- 
posed of 

metal, 100 1 atom, 250 
oxigen, 8 2 atoms, 20 
and its atom, 270 

Red oxid is more easily procured by the decomposition 

of the nitrate, by a process which will be immediately 


SULPHURETS. 51 


described. As thus obtained, it is in shining scales, hav- 
ing an acrid taste, and very corrosive, and hence its use 
as an escharotic, being much employed as a stimulant 
application to ulcers. 

From the ease with which it parts with its oxigen, it 
is employed for yielding it, when required pure for par- 
ticular purposes. All that is necessary is to put it into 
a small retort, and apply heat. 

The action between mercury and some of the simple 
acidifiable bodies is interesting, particularly with sul- 


phur and chlorine. 


Sulphurets. 


Mercury unites with sulphur by synthesis. When 
equal weights of them are rubbed together in a mortar, 
the metal soon disappears, and a black powder is gradual- 
ly formed, which, when properly prepared, is a profo-sul- 
phuret. This may also be obtained by fusing sulphur 
with mercury, or by the addition of a hydro-sulphuret 
‘to a mercurial proto-salt, by which a black precipitate is 
formed. This sulphuret is the same as the substance 
long known by the name of Ethiops Mineral. It is, ac- 
cording to Guibourt, composed of 

metal, 100 latom = 250 
- sulphur, 8.2 latn = 20 

When exposed to heat it is decomposed, and metallic 
mercury is sublimed, along with a dark-coloured sub- 
stance, but which, when reduced to powder, becomes 
bright red. This is also a sulphuret, containing more sul- 
phur than the preceding ; it is evident, then, that one part 
must have taken sulphur from the other to form it. Ac- 
cording to Guibourt, it contains 


, metal, 100 latom, = 250 
sulphur, 16 2atoms, — 40 
so that it is a bt-sulphuret. 


When the bi-sulphuret is reduced to very fine powder, 
by long trituration with water, it assumes a beautiful red 
colour, and is then known by the name of vermilion. 

By exposure to a red heat, along with iron filings, it is 

pd2 ; 
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decomposed, the iron unites with its sulphur, and the 
mercury is set free, and distilled over ; and hence the me- 
thod of procuring it by the decomposition of the native 
sulphuret called cinnabar. 


: Chlorurets. 


When mercury is heated in chlorine gas it is inflamed, 
and a whitish crystalline-looking substance is formed, 
composed, according to Thomson, of | , 

metal, 100 
chlorine, 34.6 
and as 100: 34.6: : 250: 90; 
so that it is a bi-chlorid. 

When thrown into water it is converted to per-muriate. 
Though bi-chlorid can be procured by the action of chlo- 
rine on mercury, it is never prepared in this way for use. 
It is obtained by the decomposition of the sulphate, by a 
process of sublimation; and hence its name, corrosive 
sublimate. (See Muriate.) fag 
- When bi-chlorid is triturated with about an equal 
quantity of mercury, the latter disappears, and a black- 
ish-looking substance is formed, which, when sublimed, 
yields calomel or proto-chlorid. (See Muriate.) 

Calomel or proto-chlorid, as usually prepared, is in 
cakes, which, when reduced to powder, become quite 
white. Its sp. gr. is 7100. It is tasteless, and very spar- 
ingly soluble, requiring, according to Rouelle, 1152 of 
boiling water to dissolve it. By the application of heat 
it is sublimed and condensed, unchanged in its properties. 

It contains exactly half the quantity of chlorine that 
exists in the other. It is composed therefore of. 

metal, 100 1 atom, 250 
chlorine, 17.3 1 atom, 45 

When calomel is exposed to light, it gradually be- 
comes dark-coloured. When kept in chlorine gas, or in 
its solution, it is slowly converted to per-chlorid. 

The alkalies and alkaline earths decompose it, and pre- 
cipitate a black powder, which is a protoxid, and hence 
the method ordered by the Pharmacopeeia for procuring 
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it, already alluded to. When, for instance, it is thrown 
into solution of potass or of lime, the water is decompos- 
ed, the oxigen uniting with the mercury, and the hydro- 
gen with the chlorine, so that oxid of mercury is precipi- 
tated, and muriate of lime, or of potass, remains in solu- 
tion. The process given in the Edinburgh Pharmaco- 
peia, consists in agitating together 5 pounds of lime 
water and half an ounce of calomel, filtering and wash- 
ing the precipitate. The mixture formed in this case is 
well known by the name of black wash, much used as an 
application to venereal ulcers. It is of course a solution 
of muriate of lime, holding black oxid suspended in it, 
so that, if it acts as a mercurial, it must be by the pow- 
der thrown on the sore, the bottle being always shaken 
before its application. 

Calomel is used as a purgative, in the dose of five or six 
grains, but in general in conjunction with other substan- 
ces. In smaller doses, along with opium, it is adminis- 
tered as a mercurial when slight salivation is required. 


SaLtts oF MERCURY. 


The acids in general do not act easily with mercury, 
but they unite with its oxids, and form a very interesting 
class of salts, which have been examined with great care. 


Nitrates. 


Nitric acid, when diluted, acts easily on mercury, 
but the product differs according to the mode in which 
the action is carried on. When it goes on slowly, and 
without the aid of heat, the mercury is oxidized to the 
minimum, and proto-nitrate is formed. For procuring 
this, the metal must be put into its own weight of diluted 
acid, (equal parts acid and water), and the action allow-. 
ed to go on spontaneously. Should it not commence, a 
very slight heat may be applied, but removed the mo- 
ment it begins. ‘The solution is transparent and colour-~ 
less, very acrid and caustic, tinging the skin red. By 
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evaporation and cooling, it affords crystals of proto-nitrate, 
leaving a solution consisting chiefly of per-nitrate. 

When solution of proto-nitrate of mercury is evaporat- 
ed to dryness, and afterwards exposed to heat, it is de- 
composed, and a powder is left, which is the peroxid. 
Hence the method of preparing the Ovidum Hydrargyrt 
Rubrum Per-Acidum Nitricum of the Edinburgh Pharma- 
copeeia. For this 8 parts of mercury are dissolved in 4 of 
diluted nitrous acid, as already described. The solution is 
evaporated to dryness, the residue ground to powder and 
placed in a glass dish, with a thick plate of glass resting 
on it. Heat is applied, and continued till the whole be- 
comes quite red. In the latter part of this process the 
proto-nitrate is decomposed, its acid being expelled, but 
at the same time its oxid acquires more oxigen, and is 
converted to peroxid; so that, when properly prepared, 
the product is red oxid, but it frequently contains a little 
nitric acid, probably from the whole of the nitrate not 
being decomposed. The use of the glass plate is to cause 
the decomposition to go on slowly, so as to communicate 
to the powder a shining scaly appearance. 

Proto-nitrate of mercury is decomposed by the alkalies 
and alkaline carbonates. It is also decomposed by mu- 
riate of soda, and the action is important, as affording a 
method of preparing calomel or proto-chlorid by precipi- 
tation. Owing to the tedious nature of the process for 
procuring calomel by sublimation, it was recommended 
by Scheele to throw it down from the nitrate, and hence 
that of the Pharmacopeeia for procuring Calomel Preci- 
pitatum. ’ 

Proto-nitrate is formed in the usual way, by dissolving 
mercury in its own weight of diluted nitric acid, digest- 
ing towards the end with a very slight heat, and throw- 
ing the solution, while warm, into that of half the quan- 
tity of seasalt. A white powder falls, which must be 
well washed with hot water. On mixing the solutions, 
the nitric acid and soda unite, to form soluble nitrate of 
soda, while the muriatic acid and oxid acting on each 
other, undergo decomposition; the hydrogen of the one, 
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and oxigen of the other, form water, while the mercury 
and chlorine are precipitated in the form of chlorid. 

As in this instance proto-nitrate is used, a proto-chlo- 
rid must be precipitated, because the muriatic acid and 
oxid contain an atom of each of their ingredients, so 
that the atom of oxigen must take an atom of hydro- 
gen, and set free one of chlorine, to unite with the mer- 
cury. In conducting the process, however, it is very 
difficult to get the solution completely in the state of 
proto-nitrate, it almost always contains a little per-nitrate, 
consequently, when added to the sea salt, per-muriate of 
mercury, or corrosive sublimate, is also formed, and 
which remains in solution ; and hence the reason why the 
precipitate requires to be so well washed. But in addi- 
tion to this, per-nitrate of mercury is decomposed by 
water alone, a yellowish powder being thrown down. 
If, therefore, the solution contain any per-nitrate, the 
precipitated oxid is mixed with the calomel, and gives it 
properties different from those of that prepared by sub- 
limation. When the latter is washed with lime water, it 
gives a black oxid, as already described, but when the 
former is treated in the same way, the powder is brown- 
ish, owing to the presence of the substance thrown down 
from the per-nitrate, with which the proto-nitrate was 
mixed. Hence it has been recommended to submit it to 
sublimation, to free it from the impurities, and after 
this to reduce it to powder. 

It has been ordered by some to wash the precipitate 
with sea salt, with the view of removing the impurities ; 
but this is dangerous, because calomel, when treated with 
warm solution of salt, is changed to per-muriate. 


’ Per-Nitrate. 


If, instead of allowing the solution of the metal in ni- 
tric acid to go on slowly, it be promoted by the applica- 
tion of heat, the mercury acquires a sufficient quantity 
of oxigen to form it into peroxid, so that per-nitrate 
is produced. The properties of per-nitrate are nearly 
the same as those of proto-nitrate. The solution is trans- 
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parent and colourless, and on evaporation yields crystals, 
which, when subjected to heat, give off their acid, and 
leave pure red oxid, but not having the shining scaly ap- 
pearance of that prepared from the proto-nitrate. | 
Solution of per-nitrate is decomposed by water, but 
the colour of the precipitate depends on the temperature. 
With cold water it is white with a slight tinge of yellow, 
but at a boiling heat it is brownish. According to Dono- 
van, (An. of Ph. xiv.) it is a mixture of swb-proto-ni- 
trate and sub-per-nitrate, in proportions varying accord- 
ing to the temperature. According to Thomson, the pre- 
cipitate is peroxid, the acid being removed by the water. 
The alkalies, and their carbonates and phosphates, 
throw down precipitates of the oxid, carbonate, and 
phosphate from the per-nitrate. The alkaline earths also : 
precipitate the oxid. | . r 


Sulphate. 


The action between mercury and sulphuric acid is inte- 
resting, as affording a means of procuring sulphurous acid, 
and yielding also products, by the decomposition of which 
several important compounds can be obtained. Sulphuric _ 
acid does not act on mercury at a natural temperature, but _ 
by the application of heat part of the acid is decompos- 
ed, the mercury acquiring oxigen from it, becoming oxid, 
and uniting with the remainder, while sulphurous acid is _ 
disengaged. Hence the method generally followed for 
procuring the acid gas. For this purpose, equal parts 
of mercury and acid are put into a retort, and heated, 
the heat being such as just to keep up the effervescence, — 
because when too high, some of the latter is driven off 
in vapour. The gas, as it is easily absorbed by water, 
must be collected over mercury. 

When the action has ceased, there remains in the retort 
a white crystalline mass, consisting partly of proto-sul- 
phate, and partly of per-sulphate. A proto-sulphate | 
may, however, be obtained by heating cautiously the 
mixture of acid and metal, or by diluting the mixture, so 
as to make the action go on slowly. The salt is sparing- 
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ly soluble in water, requiring about 600 of cold and 280 
of boiling water for solution. 

When 3 of acid are boiled on 2 of metal, the common 
sulphate is formed, but by the continuance of the heat, 
the superabundant acid is decomposed, and gives more 
oxigen to convert the metal into peroxid, and produce a 
per-sulphate. 

As thus procured, it is a white saline mass, not alter- 
ed by exposure to air, but decomposed by water. When 
thrown into it, a yellow powder is precipitated, supposed 
to be a sub-sulphate, and hence the process ordered in 
the Pharmacopeeia, for procuring the sub-sulphas hydrar- 
gyri flaous, or what is commonly called turpeth mineral. 
In preparing it, the sulphate procured by the. process 
mentioned, is thrown into boiling water, and the yellow 
powder instantly appears. 

According to Donovan, this is a sudsalt, containing 
the acid in union with both oxids, but Thomson and 
Fourcroy state that it is a neutral per-sulphate, consisting 
of an atom of acid and of oxid. They consider the 
salt formed by the solution of the mercury in the 
acid, as a.bi-per-sulphate, and that by the affusion of 
water, the superabundant atom is removed, and the 
neutral sulphate, containing an atom of acid and base, 
is precipitated. 


Muriate. 


Muriatic acid does not either in the gaseous or liquid 
form act on mercury. It has been already mentioned, 
that by the action of chlorine, a chlorid may be formed, 
which, when thrown into water, becomes per-muriate. | 
The salt is not, however, prepared in that way, it 1s 
always procured by the decomposition of the sulphate by 
sea salt. Hence the process of the Edinburgh Pharma- 
copeia. For this purpose, 4 of mercury are dissolved by 
the application of heat, in 5 of sulphuric acid, so as to ob- 
‘tain a per-sulphate,. which when dry is mixed with 8 of 
dried sea salt, and sublimed in the usual way. A crys- 
talline mass is condensed in the cool part of the appara- 
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tus, which is per-muriate, or, adopting strictly the views 
of Davy, per-chlorid. In the latter part of the process, 
in which the salt, (chlorid of sodium,) is heated with the 
per-sulphate, the oxigen of the oxid of mercury oxidizes 
the sodium, and the soda thus formed unites with the 
sulphuric acid. The chlorine and the mercury form a 
chlorid, which rises in vapour. 

It is evident that this substance must be a Ji-chlorid, 
even though we are using proto-chlorid of sodium, be- 
cause the two atoms of oxigen from the mercury will 
unite with two of sodium, and set free two of chlorine, to 
combine with one of mercury. As two of soda are pro- 
duced, these will unite with the two of acid, in the bi-per- 
sulphate, to form neutral sulphate of soda. 


2 acid 
Thus, 1 bi-per-sulphate — it bey { 2 oxigen 
~ (1 mercury 
2 chlorid of sodium == { 2 chlorine 
2 sodium 


which by decomposition, become 


1 bi-chlorid of mercury -—= 2 chlorine 


1 mercury 
2 acid 
2sulph. soda = 1 wound Q oxigen 
2 sodium 


Per-muriate, or rather per-chlorid, as obtained by the 
process described, is in general in the form of crystalliz- 
ed cakes, requiring 20 of cold and 2 of boiling water for 
solution. When subjected to heat it is volatilized, and 
condensed unchanged in its properties. It has a very 
acrid taste, leaving a disagreeable sensation on the tongue. 
When swallowed it proves poisonous, inducing sickness 
and vomiting, accompanied with violent inflammation of 
the stomach and intestines. 

The composition of this substance, considered as a 
chlorid, has been already given. Of course, when thrown 
into water, it becomes a per-muriate, and with excess of 
acid, for the 2 atoms of chlorine must take 2 of hydrogen 
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to form 2 of acid, while the 2 of oxigen will, with the 
mercury, form 1 of peroxid. 

In solution, therefore, it is composed of 

2 atoms acid, 92.5 
1 atom peroxid, 270. 

Muriate of mercury is decomposed by the fixed alka- 
lies and alkaline earths, which throw down a reddish 
brown precipitate, but ammonia precipitates it white; 
the former is considered an oxid, but the latter is a triple 
muriate of mercury and ammonia. It isthe hydrargyrum 
precipitatum album of the Pharmacopeeia. An economi- 
cal process for preparing it, is to add ammonia to the 
fluid from which the precipitated calomel has been thrown 
down, and which always contains a little per-muriate in 
solution. (See Nitrate.) 

Muriate of mercury and ammonia is decomposed by 
heat, muriate of ammonia is driven off, and the oxid is 
left pure. It is employed, when mixed with lard, as an 
ointment. 

Muriate of mercury is decomposed also by some of the 
metals. The action with mercury itself is important, as 
constituting the process for procuring calomel. For this 
purpose 4 parts of the salt are rubbed with 3 of mercury, 
till the whole of the metal disappears, a little water 
being added, to prevent the powder from rising, and 
proving injurious to the operator. The product is then 
placed into an appropriate apparatus, and heated, by 
which a substance is sublimed and condensed, consisting 
of three distinct layers, the uppermost of undecomposed. 
muriate, the second of calomel, the lowermost of metal- 
lic mercury. The calomel is then removed from the im- 
purities, and again sublimed, after which it is reduced 
to fine powder, and well washed. 

In this process the mercury, during the trituration, 
combines with the excess of chlorine in the bi-chlorid, 
and the whole is brought to the state of proto-chlorid. 
The other steps of the process are merely to make the 
union more perfect, and to separate the calomel from the 
‘impurities, consisting of undecomposed bi-chlorid and of 
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mercury, the whole of it not having been acted on during | 
the first part of the process. 

Corrosive sublimate is used in medicine, in small dozes, 
as a mercurial; and it is sometimes employed also in va- 
pour, applied to ulcers, as those of the fauces. It is used 
also, in solution, as a wash. It is useful in preserving 
anatomical preparations, and in preventing ink from be- 
coming mouldy. It is employed for refining gold and 
silver, and in giving a coating of mercury to other 
metals. It is very efficacious in killing bugs. | 


Ferro-Cyanate. 


Ferro-cyanate of potass does not occasion any precipi- 
tate from the salts of mercury. When Prussian blue is 
boiled with red oxid, a hydro-cyanate is formed, which 
is a valuable substance, because, by its decomposition, 
it yields cyanogen and hydro-cyanic acid. (See Iron.) © 


Fulm inating M ercury. 


A compound possessed of detonating properties was’ 
discovered by Mr Howard, when making experiments on” 
the red oxid, to which alcohol had been added. The 
process recommended by him for procuring it is the fol 
lowing. Put an ounce and a half of diluted nitric acid » 
into a flask, and apply a slight heat. Then throw in” 
100 grains of mercury, and allow the action to go on till” 
the whole of it is dissolved; after which put in two’ 
ounces of alcohol, sp. gr. 840, and again apply heat. 
Etherial fumes are given off, and a powder is gradually 
deposited. This must be washed immediately with dis- 
tilled water, and dried by exposure to air. . 

Different opinions have been entertained with respect” 
to the nature of this substance ; Howard supposing it a 
compound of oxid, of mercury, nitrous ether, and oxalic 
acid; while Berthollet asserted, that it contained the’ 
oxid, with ammonia and alcohol. The discovery 
of cyanogen, and the experiments. of Gay Lussac and 
Leibig, on fulminating compounds, have thrown con- | 
siderable light on the composition of fulminating mer- 
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eury. They have found that it is a compound of oxid 
of mercury, in combination with a peculiar acid, to 
which they have given the name of fulminic, and which 
contains cyanogen and oxigen, probably also in union 
with some of the same metal that exists in the oxid, 
(vol. i. p. 326.) If so, we can easily account for the for- 
mation of this peculiar acid, for the nitric acid employed 
in the solution of the mercury contains nitrogen and 
oxigen, and the alcohol carbon as one of its ingredients. 

According to Leibig, (An. de Ch. et de Ph. XXX1il.) 
the mercury is in the state of protoxid; for on mixing it 
with aqua potassx, a black powder is precipitated. It is 
decomposed by boiling in water, during which metallic 
mercury is deposited, and a fulminate with peroxid is 
formed, and crystallizes when the fluid cools. 

Fulminating silver explodes by friction and percussion, 
and hence the necessity of being cautious during its pre- — 
paration, particularly in the drying of it. It ought, of 
course, to be put up in small packets in paper, and kept 
in separate boxes. It explodes also when touched with 
sulphuric acid. 

It has not yet been decomposed, so as to procure from 
it its acid; but by treating it with other bases, or with 
solution of alkali, or lime, the acid is transferred to 
them, and salts are formed. 


Amalgams. | 


Mercury unites with most of the metals, and forms 
substances called amalgams. They are generally brittle, 
and if the mercury is in large quantity, are soft, or even 
fluid. The only amalgam of any use in the arts, con- 
taining a metal, the properties of which have been de- 
scribed, is that with tin. It is the substance employed 
for silvering the backs of mirrors. For this purpose, a 
sheet of tinfoil is placed on a smooth table of freestone or 
hardwood, and a little mercury rubbed on it till the 
whole is amalgamated, after which the plate is put on, 
and either loaded or kept down by a screw, and by keep- 
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ing it on an inclined plane, the superfluous mercury is 
forced out. A resplendent coating is thus given to the 
glass, and which adheres to it with considerable force. 

Some of the metals decompose the mercurial salts. 
When, for instance, a plate of copper is immersed in the 
solution of the muriate, it soon acquires a coating of me- 
tallic mercury, the copper taking the oxigen from the 
oxid, and uniting with its acid. Some of the mercurial 
salts, also, are decomposed by those of other metals. 
When, for instance, solution of proto-muriate of tin is_ 
mixed with that of muriate of mercury, the former be- 
comes per-muriate, uniting with the oxigen and acid of 
the latter, and metallic mercury is deposited. 

Mercury is occasionally, though rarely, found in its 
metallic state. It occurs chiefly in union with sulphur, 
in the red sulphuret, or cinnabar, from which it is al. 
ways obtained ; the process for smelting the ore vary- 
ing in different places. In some cinnabar is exposed to 
heat, by which the sulphur is burned, and mercury is 
procured. For this purpose, a long horizontal build- 
ing is constructed, divided into an upper and under 
compartment by a grating of iron, on which is placed 
the ore, broken to small pieces, and covered with bricks 
made of the ore and clay. Wood is then kindled in the 
lower compartment, so that the moisture of the cinna- 
bar is expelled, and the sulphur inflamed, after which 
the fire is extinguished, the heat generated by the com- 
bustion of the sulphur being sufficient to drive off the 
mercury in vapour, which is condensed in a receiver 
attached to the building. The method practised i in other 
places for procuring mercury is different. The finer. 
part of the ore being separated from the coarser, it is re- 
duced to powder, and mixed with about 1-5th of its 
weight of slaked lime, and put into iron retorts, each of 
hick holds about half a hundred weight. From 40 to 
50 of these are built into a furnace, and heat applied, 
by which the mereury is given off in vapour, and con- 
densed in receivers. The quantity thus obtained is very 
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small, which makes the process an expensive one, 100 
Ibs. of ore yielding only from 6 to 10 oz. 

_ The principal use of mercury is, amalgamating it with 
other metals, chiefly gold and silver, so as to obtain 
them pure. (See Gold.) It is used also in gilding and 
silvering, and in making mirrors. 


ANTIMONY. 


Tue substance commonly called antimony, is a mineral 
of a dark bluish colour, and possessed of considerable 
lustre. This is not, however, metallic antimony; it is a 
sulphuret, and from which the metal is always procured. 

Antimony, in its metallic state, is of a whitish colour, 
and has considerable lustre. It is hard, but brittle ; 
being easily reduced to powder, of course it is not pos- 
sessed of malleability or ductility. It has a lamellated 
texture, and often assumes a crystalline appearance. Its 
sp. gr. according to Berzelius, is 6860; according to 
Thomson, 6420. Its atomic weight 55. When heated 
in close vessels, it becomes fluid at about 800; and if al- 
lowed to cool slowly, crystallizes in double four-sided 
pyramids. When the temperature is higher, it volati- 
lizes, and condenses in white scales on the cool part of 
the apparatus. 

It does not suffer any change by exposure to air. 
When heated in contact with it, it is gradually convert- 
ed to a greyish powder ; and if the temperature be very 
high, it burns with a bright flame, uniting with the oxi- 
gen, and forming an oxid which is wafted up in the same 
way as that of zinc. ‘This is the substance long known 
by the name of the argentine flowers of antimony. 


Oxids. 
Various opinions have been entertained with respect to 
the oxids of antimony. According to Thenard, there 


are no less than 6; according to Berzelius, 3; while 
Proust and Bucholz say that there are only 2, Thom- 


~ 
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son, (First Pr.) has shewn that three substances, with 
oxigen, may be formed; but only two of which are pure 
compounds, the third being a mixture or compound of 
the other two, but always 1 in fixed proportions. 

Protoxid of antimony is most easily obtained by dis- 
solving the sulphuret in muriatic acid, and precipitating 
by water, (see Muriate,) by which a white powder is 
formed, which, after being well washed with weak aqua 
potassz, and dried by a slight heat, becomes of a grey- 
ish colour. It may be obtained also by the addition of 
ammonia to tartar emetic, (tartrate of antimony and po- 
tass,) washing and drying the precipitate. When heat- 
ed in close vessels, it is fused; but if air be admitted, 

it is inflamed and volatilized. 

According to Berzélius and Dr Davy, it is composed 
of : 

metal, 100 = 1 atom, 55 

oxigen, 18.6 — 1 atom, 10 
This is the only oxid known to. enter into union with 
acids, and form salts; for though antimony can unite 
with other proportions of oxigen, the compounds seem 
to be possessed of acid properties. It has been proposed 
to call them antimonious and antimonic acids. 

Antimonious Acid may be prepared by exposing ei- 
ther the metal or protoxid to a high heat, in contact with 
air, by which it is inflamed, and the argentive flow- 
ers are formed. Or if the compound with the largest 
proportion of oxigen is heated, it gives off part of. its 
oxigen, and the same substance is produced. es 

This is much more volatile than the protoxid, inso- 
luble, and not so easily acted on by acids. 

According to Berzelius, it is composed of 


metal, 100 oxigen, 24.8; 
but according to Thomson, of 
metal, 100 1 atom, Ors 
oxigen, 27.27 14 atom, 3. 


The third compound, the perowid, or antimonic acid, 
is formed by dissolving the metal in nitric acid, evapo- 
rating the solution to dryness, and exposing the residue 
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to a heat of 500, by which a yellow powder is left. | This 


compound, according to Thomson, contains twice as 
much oxigen as the protoxid. It is composed, therefore, 
of | 

metal, 100 1 atom 55 

oxigen, 37.2 2atoms 20 

When exposed to a high heat, it gives off part of its 
oxigen, and becomes antimonious acid. 

The compounds of antimony and oxigen are not re- 
duced by exposure to heat alone, they require the pre- 
sence of inflammable matter, as charcoal. 

Antimony does not act on water at a natural tempera- 
ture; but when steam is passed over it previously heat- 


ed, oxigen is absorbed, and hydrogen disengaged. 
Sulphuret. 


The only compound of antimony and a simple acidi- 
fiable body of any interest, is with sulphur. ‘The sul- 
phuret may be formed by the direct union of its ingre- 
dients; but it is never prepared in that way for use, 
being an abundant natural production. Native sulphuret 
is composed of a congeries of spicular crystals grouped 
together, of a bluish colour, and metallic lustre. It is 
not, however, a pure sulphuret; it contains silica, lime, 
and iron, the last in considerable quantity. Hence the ne- 
cessity of purifying it before it is used for any particular 
purpose. This is done by melting it in a crucible, in 
the bottom of which there is a small hole, and placed in 
another larger one. The fused sulphuret passes through, 
leaving the greater part of the stony impurities behind. 
In this state, it is sold under the names of antimony, 
crude antimony, and black antimony. . 

According to Thomson, pure sulphuret is composed of 

metal, 100. © latom, 55 
sulphur, 36.36 1 atom, 20 
_- Though antimony is easily procured in its metallic 
state, yet the sulphuret is always employed in the prepa- 
ration of the different antimonial compounds, 
. When sulphuret of antimony is exposed to heat, it is. 
VOL. II. E 
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volatilized and condensed, unchanged in its properties 3) 
but if air be present, the sulphur passes off in the form 
of sulphurous acid, and the antimony is oxidated ; and 
if, after this, the heat be raised, the product 1s fused, 
and on cooling, forms a brown vitreous substance, com- 
monly called glass of antimony. It is merely the oxid 
fused, but still retaining the impurities of the sulphuret, 
as lime, siliceous matter, and iron. It is occasionally em- 
ployed in the preparation of some of the antimonial 
salts. ; 
' Chloruret. 

Antimony unites very easily with chlorine. When 
thrown in powder into the gas, it is instantly inflamed, 
and produces a chloruret, composed, according to Dr 
Davy, of — 

~ metal, 55 1 atom 
chlorine, 45 1 atom. 4 

A similar chlorid may be obtained by distilling 2 of 
corrosive sublimate with one of metallic antimony, by 
which a vapour comes off, and, when condensed, forms 
a soft solid, hence commonly called budter of antimony. — 
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The action between antimony and the acids does not 
present any thing interesting. By solution in nitric or 
sulphuric acid, nitrate and sulphate may be formed ; but 
we are very little acquainted with their properties. The 
salts of antimony are generally procured by the action of 
the acids on the sulphuret. 

Muriate. 

Muriatic acid acts very slowly on antimony ; but when 
the sulphuret is used, the action goes on quickly, sul- 
phuretted hydrogen gas is disengaged, and muriate re- 
mains in solution. Hence sulphuret of antimony 1s 
frequently employed instead of that of iron, in the 
preparation of sulphuretted hydrogen, using 6 of acid, 

i wae 
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and 1 of sulphuret. The muriate left in the retort 
is of a pale yellowish colour, and will bear dilution with 
a little water; but if much be employed, it is instantly 
decomposed, and a white powder is precipitated, which, 
when dried and boiled in weak solution of potassa, be- 
comes the protoxid, occasionally used in the prepara- 
tion of some of the antimonial compounds, because it 
is by far the purest oxid that can be obtained; those 
procured by other processes, containing the impurities of 
the sulphuret, which, though dissolved by the muriatic 
acid in preparing the muriate, are not precipitated when 
the solution is thrown into water. 

The alkalies do not act on antimony. The sulphuret 
however, is decomposed by them, and a solution is form- 
ed, from which, on cooling, or on the addition of an acid, 
a brown powder is Settee It is the Sulphuretum 
Antimonii Precipitatum of the Edinburgh Pharmacopceia. 
For preparing it, 4 parts of aqua potasse, diluted with 3 
of water, are boiled on 2 of prepared sulphuret. After 
the ebullition, having allowed the insoluble matter to fall 
to the bottom, the clear part is poured off, and diluted 
sulphuric acid added as long as there is any precipita- 
tion. A dark brown powder is formed, which is not a 
sulphuret, as the name given in the Pharmacopeeia would 
imply, but a hydro-sulphuret ; for when heated it gives 
off water, and sulphuret is left. It must contain, there- 
fore, an atom of acid and protoxid ; for the water must 
be formed by an atom of each of its ingredients, while 
the sulphuret left contains also an atom of each of its 
constituents. 

The formation of this hydro-sulphuret is easily account- 
ed for. The water undergoing decomposition gives hy- 
drogen to the sulphur, and oxigen to the antimony, while 
the Pea elstnnet thus formed is held in solution by 
the potassa. Hence, on the addition of an acid, the al- 
kali is neutralized, and the hydro-sulphuret deposited ; 
there is therefore no disengagement of sulphuretted hy- 
drogen, unless much acid is employed, by which the 
precipitated hydro-sulphuret i is itself decomposed. The 

E 2 
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powder thrown down by the addition of an acid, has bee: 
long known by the name of Golden Sulphur of Antimony. 

If, instead of adding an acid, the solution be allowee 
to cool, a powder of a similar colour, and probably o 
the same composition, is gradually deposited, the potassa 
when cold, not being able to keep so much in solution a 
when warm. ‘The whole of the hydro-sulphuret is not 
however, thrown down, for on the addition of an aci 
more is precipitated. 'The powder deposited on cooling 
is generally called Kermes Mineral. 

Antimony and its sulphurets decompose some of th 
neutral salts. The most important action is that witl 
nitrate of potassa. When antimony and nitre are defla 
grated, the oxid in the highest state of oxidation is form 
ed; but this process is seldom followed for preparing it 
When the sulphuret is deflagrated with nitre, both th 
sulphur and antimony acquire oxigen, the former pro 
ducing sulphurous and sulphuric acid, and the latte 
protoxid of antimony; the sulphurous acid is expelled 
while the sulphuric unites with the potassa to form a sul 
phate, which is left mixed with the oxid. This consti 
tutes the process of the Edinburgh Pharmacopeeia fo: 
procuring oxid of antimony, which is used in the prepa 
ration of tartar emetic. Equal parts of nitre and sulphu 
ret are deflagrated by throwing them, in small successiv 
portions, into a red-hot crucible. 

The product, commonly called Crocus of Antimony, i 
then reduced to powder and washed, to remove the sul 
phate of potass; what remains is protoxid, but mixec 
with the impurities of the sulphuret, as the siliceous mat 
ter and oxid of iron, the latter of which gives to the tar. 
tar emetic prepared from it a brownish tinge. (See Tar- 
taric Acid. ) 

When 8 of nitre and 1 of sulphuret are deflagrated, 
the combustion is very vivid, the flame acquiring a bluish 
tinge, and hence the use of antimony in the formation ol 
blue signal-lights. (See Nitre.) When 4 parts of salt 
are employed, the antimony is brought to the highest 
state of oxidation, forming antimonic acid, which is left 
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united with potassa; so that the product is an antimo- 
niate, (An. de Ch. et de Ph. v.) 


Phosphate of Antimony and Lime. 


The action between sulphuret of antimony and phos- 
phate of lime, as it exists in bone and horn, is important, 
as affording a valuable medicine, the Oxidum Antimonie 
cum Phosphate Calcis of the Edinburgh Pharmacopeia, 
and which is supposed to be the same as the well-known 
quack medicine James’s Powder. 

For preparing it, equal parts of powder of sulphuret 
and hartshorn shavings are exposed to heat in an iron 
ladle, till fumes cease to be given off, and the mixture 
becomes of an ash-grey colour. ‘This is to be reduced to 
powder, and exposed in a covered crucible to a strong 
heat for two hours, by which it becomes quite white. 

The horn shavings, besides phosphate of lime, contain 
animal matter, which by the heat is driven off in the form 
of carbonate of ammonia, water and carburetted hydro- 
gen, leaving the earthy salt, while the sulphuret under- 
goes the usual change by heat, becoming an oxid. In 
the latter part of the process, the oxid and phosphate 
are made to enter into union, and form a triple phosphate 
of antimony and lime. 

This substance is, when properly prepared, one of the 
best of the antimonial preparations; but it varies in its 
composition according to the process followed, and conse- 
quently is not uniform in its effects. According to Phil- 
lips, (An. of Ph. N.S. iv.) when properly manufactured, 
it should be composed of phosphate of lime and protozid, 
whereas it frequently contains the peroxid, and therefore 
differing from James’s Powder, which, from the analysis 
of Pearson and of Phillips, is composed of 

phosphate of lime, 43 
protoxid of antimony, 57. 

He has found, also, that instead of the oxid and phos.. 
phate being in combination, they are frequently merely 
mixed, and must therefore be totally inert as a medicine. 
This want of uniformity in the effects of the substance 
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prepared by the process described, is ‘the cause of J ames’ $ 
Powder being preferred by most practitioners. 


Alloys. 


Antimony forms alloys with a number of the metals, 
the most important of which are those with lead and tin. 

Whien equal parts of metallic antimony and lead are 
melted, the product, when cold, is porous and brittle; 
but as the proportion of the latter is increased, the brit 
tleness is diminished. When 1 of antimony and about 4 
or 5 of lead are fused, they form iype metal, which is 
harder than lead, and possesses the valuable property of 
expanding during its congelation ; hence it takes an ex- 
cellent impression, when thrown fluid into a mould. 
Owing to this, it is also occasionally used for taking casts 
from medals. 

Antimony combines also with tin, and forms one sort 
of pewter. The name of pewter is given to any white 
malleable alloy, containing a considerable quantity of 
tin; but its composition varies in different places. The 
finest kind is composed of about.100 parts of tin, 8 of 
antimony, 4 of copper, and 1 of bismuth, the use of whicli 
is to render the tin harder, and enable it to retain its 
lustre. The alloy of tin and antimony forms also the 
metal on which music is engraven. : 

Antimony is found native, though rarely so. Its prin+ 
cipal ore is the sulphuret, and from which it is always 
procured. It is first purified by the process already de- 
scribed, aud then converted to oxid by exposure to heat 
and air, the temperature towards the end of the process 
being increased, so as to drive off thé whole of the sul- 
phur. The oxid is then exposed to heat with charcoal, 
by which the oxigen is abstracted, and the metal reduced, 
and when fluid, falls to the bottom of the vessel. 

Antimony is used chiefly in the formation of types and 
music metal. Its oxid, prepared by deflagrating the sul- 
phuret with nitre, is employed for giving a yellow colour 
to earthen-ware ; and the purer oxid, obtained by precipi- 
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tation from the muriate, is used for making yellow glass, 
and hence its use in imitating some of the gems. 


MANGANESE. 


Tur substance commonly called manganese, was, till 
about the middle of the last century, considered an ore 
of iron, and was by mineralogists placed in that order. 

Scheele and Bergman shewed, however, that it con- 
tained a peculiar metal, and which was afterwards pro- 
cured by Gahn in its separate state, who gave it the name 
of manganese, and the ore from which it was obtained 
was found to be an oxid. 

Manganese is of a whitish colour, resembling that of 
recently broken cast iron, having a granular texture, and 
considerable lustre. It is not possessed of malleability 
nor ductility. When pure it is not attracted by a mag- 
net, but a very minute quantity of iron gives it magnetic 
properties. Its sp. gr. is 8000. Its atomic weight 35. 

When heated to 160 W. it is fused. By exposure to 
air it very quickly absorbs oxigen, and becomes an oxid, 
acquiring different colours, according to the quantity ab- 
sorbed, as grey, violet, brown, and lastly black. 


Oaids. 
_ Very different opinions have been entertained with re- 
spect to the nature of the oxids ‘of manganese. Dr John 
(An. of Ph. it.) imagines that there are three, a green, 
a brown, and a black, the composition of which is, 


1 metal, 100 oxigen, 15 
Q 100 Q5 
$ 100 40. 


The experiments of Berzelius, (An. de Ch. lxxxvii.) of 
Forchhammer, (An. of Ph. xvi.), and of Thomson, (First 
Pr.) prove satisfactorily, that there are at least five com- 
pounds, three oxids, and two possessed of acid proper- 
ties. 

- Protoxid may be obtained by exposing the deutoxid 
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to a red heat, and passing hydrogen gas over it, by 
which part of the oxigen is extracted. It is of a green 
colour, but it very soon changes by exposure to air, 
absorbing oxigen, and becoming deutoxid. According 
to Thomson, it is composed of 

metal, 100 Il atom 35 

| oxigen, 28.56 latom 10. 

Deutoxid may be prepared by exposing the pure black 
or native oxid to heat, by which part of the oxigen is 
expelled, and a brownish powder is left. It is soluble 
in muriatic and sulphuric acids, without effervescence, 
and forms red solutions. Or it may be procured by ex- 
posing the proto-carbonate to heat and air, to expel the 
acid, and allow the absorption of oxigen. 

According to Thomson, it is composed of 

8 metal, 100 1 atom or 2 
oxigen, 42.84 11 atoms or 3. 

Peroxid is the same as the native black oxid, except 
that in the latter there are, in general, impurities, as car- 
bonate of lime, oxids of iron, copper, and lead, and fre- 
quently also baryta. Some specimens, however, are pure — 
oxid; and it was by an examination of them, that Dr 
Thomson was enabled to ascertain its composition. Black 
oxid may also be obtained by digesting the deutoxid in 
nitric acid, by which protoxid is dissolved, and peroxid 
left. : 
According to Thomson, it contains double the quantity 
of oxigen that exists in the protoxid. Its composition is 
therefore, 

metal, 100 l atom 35 
oxigen, 67.12 2 atoms 20. 

Besides these, other compounds exist, but possessed of 
acid properties, and called manganesious and manganesic 
acid. 'They will be described when detailing the action 
of nitre on the black oxid. | F 
_ The only oxid of any interest is the black oxid, which, 
being a native production, is applied to many useful 
purposes. r 

‘When exposed to heat it is decomposed, being reduced 
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from tritoxid to deutoxid, and oxigen gas is disengaged ; 
and hence the method by which this elastic fluid is ge- 
nerally prepared, when required in large quantity. For 
this purpose the ore, reduced to coarse powder, is put 
into an iron retort, which must be brought to a red heat 
by placing it in a common fire or furnace. At first 2 
little watery vapour and carbonic acid gas come off, after 
which the oxigen makes its appearance, and which is 
known by collecting a little of it in a phial, and testing 
it with a piece of wood recently extinguished. When 
coming off sufficiently pure, the mouth of the retort must 
be connected with a gas-holder, and the heat continued 
till it ceases to be disengaged. 

The quantity of oxigen obtained from the ore by this 
process depends on its purity. The utmost that can be 
got, supposing the oxid pure, is about 12 per cent. or 
1-8th of its weight, but making allowance for impurities, 
we are not to expect even from good specimens more than 
10 per cent.; so that a pound may yield about a cubic 
foot. | 

Manganese does not present any thing’ interesting in 
its action with simple acidifiable bodies. 


SaLts oF MANGANESE. 


It unites with the acids, and forms some important 
compounds; but we are little acquainted with the action 
between metallic manganese and the acids, the black 
oxid being always employed in the preparation of its 
salts, and which in general contain the protoxid; so that 
the native oxid must, during the action, undergo decom- 
position. 


Nitrate. 


_ Nitric acid acts very slowly on the black oxid, but if 
nitrous be used, it acquires oxigen from it, reduces it 
to the state of protoxid, and then combines with it. 
'Che same will happen if nitric acid be employed and ex- 
posed to the sun’s rays, by which it is changed to nitrous, 
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and then acts as already described; or. if any sub- 
stance, as sugar, that will de-oxidize the oxid, be mixed 
with the acid, a nitrate will be obtained. The solution 
is colourless, and by cautious evaporation, affords crys- 
tals composed of 1 atom of acid, 1 of protoxid, and 7 of 
water. 


Carbonate. 


This salt is always prepared by the addition of an al- 
kaline carbonate to a solution of the nitrate, muriate, or 
sulphate, by which a white powder is deposited. When 
kept at ared heat for a long time exposed to air, the acid 
is expelled, and oxigen absorbed ; by which it becomes 
a deutoxid. Its constituents, according to Thomson, are 
1 atom of acid, 1 of oxid, and 2 of water. 


Sulphate. 


Concentrated sulphuric acid at a natural temperature 
scarcely acts on metallic manganese, but when diluted, a 
sulphate is formed, the metal being oxidated by the 
water. A similar salt is produced by the action of the 
acid on the protoxid or carbonate. Even when the deut- 
oxid is employed, the protoxid of it is dissolved, and the 
peroxid is left. | 

Proto-sulphate of manganese is of a pale reddish colour, 
and crystallizes in oblique prisms. It is soluble in about 
24 of cold water, giving a pale red solution, which is 
easily decomposed by the alkalies, alkaline carbonates, 
and phosphates, and hence a method of preparing some 
of the insoluble salts. 

It is composed, according to Thomson, of 

acid, 33 — 1 atom 
oxid, 380 —1 atom 
water, 37 = 5 atoms. 

By far the most important action of sulphuric acid is 
with the native black oxid. When the concentrated acid 
is poured on it, there is no action, provided the oxid is 
pure ; but there is frequently a disengagement of carbo- 
nic acid, owing to its containing carbonate of lime. On 
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the application of heat, oxigen gas is evolved, and sul- 
phate i8 formed. Hence the method generally practised 
for procuring oxigen gas on a small scale, and when not 
required very pure. For this purpose equal weights of 
the acid and powder are put into a retort, and thoroughly 
mixed, to prevent the oxid from running into hard lumps. 
Heat is then applied by means of a lamp, or chauffer, and 
the gas collected over water. As carbonic acid is apt to 
be given off in this case, it is necessary to test the gas 
before beginning to collect it in the jars, and which is 
done in the usual way, by putting into a small phial of 
it a piece of wood, the flame of which has just been ex- 
tinguished. 

In this experiment the oxid is decomposed, and con- 
verted, by the expulsion of part of the oxigen gas, into 
deutoxid, which, uniting with the acid, forms a sulphate ; 
so that the same quantity of oxigen is given off by this 
process, as by the decomposition by heat. The product 
yields a solution of a deep red colour. 


Muriate. 


Muriatic acid dissolves manganese, with the disengage- 
ment of hydrogen gas; but the muriate 1s seldom pre- 
pared in that way, being easily obtained by the action 
of the acid on the native oxid, in which case chlorine gas 
is disengaged, and hence the method commonly prac. 
tised in preparing it. or this purpose 1 part of the 
powder of the oxid, with 4 of acid, are put into a retort, 
and a slight heat applied. The gas very soon comes off, 
and may be collected over water ; but, as it is absorbed 
when the temperature is low, it is necessary to have the 
fluid in the trough heated to about 60 or 70. Unless 
required for immediate use, it ought to be collected in 
wide-mouthed bottles, the stoppers of which being intro- 
duced before removing them from the trough, are after- 
wards to be secured by wax luting, and in this way the 
gas may be kept for any time. During the action of the 
acid on the oxid, both undergo decomposition ; the hy- 
drogen of part of the latter unites with the excess of oxi- 
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gen of the former, to generate water, while the chlorine, 
the other ingredient of the acid, is set free. The re- 
mainder of the acid unites with the protoxid, and forms 
proto-muriate *. The residue in the retort, when filter- 
ed, yields a brownish solution, which may be made, 
though with difficulty, to crystallize. Like the other 
salts, it is decomposed by the alkaline carbonates, phos- 
phates, &c. It is composed of 

acid, $4 1 atom 

oxid, 383 —1 atom 

water, 33 = 4 atoms. 

When chlorine is prepared on a large scale, as in the 
manufacture of the bleaching compound, instead of oxid 
and muriatic acid, a mixture of equal parts of oxid, sul- 
phuric acid, and sea salt is employed, by which the pre- 
paration of the muriatic.acid is avoided, because the oil 
of vitriol sets it free from the sea salt, which, acting on 
the oxid, gives off its chlorine just as when muriatic 
acid alone is used. 


Acids of Manganese. 


The alkalies do not act with metallic manganese ; but 
the action with the black oxid is peculiar. When 1 of 
oxid is heated with about 5 of caustic potassa, a dark green- 
coloured substance is formed, discovered by Scheele, 
and to which he gave the name of Mineral Chameleon, 
from the change of colours it assumes when acted on by 
air and water. When a little water is thrown on ity it 
forms a deep green solution, a little more makes it blue, 
and by continuing the addition, it becomes purple, and 
lastly red. At first there is a precipitation of a yellow- 
ish powder, and after the fluid has become red, black 
oxid gradually makes its appearance, and the colour dis- , 
appears. Mineral chameleon gives different coloured 
solutions also, according to the temperature of the 


* According to the old doctrine, the oxigen disengaged from the oxid 
uniting with part of the acid, converts it to owi-muriatic acid, while the 
proto-muriate remains in the retort. . 
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water. When hot water is poured on it, the colour is 
green, but with cold water itis red. If, along with the 
water, any substance be added, which has a powerful 
affinity for oxigen, as sulphuretted hydro-sulphuret of 
potass, the compound loses the property of changing its 
colour. 

Though mineral chameleon can be prepared by the ac- 
tion of potass, other means have been pointed out. That 
usually followed is with nitre. For this purpose, a mix- 
ture of 3 of nitre and 1 of oxid is thrown into a red hot 
crucible, and kept for some time in a state of fusion. 
The product when cold is removed, and put into well- 
stoppered phials. 

It was at one time supposed that this peculiar substance 
was a compound of the alkali and oxid, and that the 
changes were owing to the absorption of oxigen; but it 
is now known, that during its preparation the oxid ac- 
quires more oxigen, passes into the state of an acid, 
and then unites with the potass. Chevillot and Edwards, 
(An. de Ch. et Ph. viii.) by the evaporation of the red 
solution, procured red-coloured crystals, possessed of re- 
markable properties. They are soluble in water; have 
a sweetish taste. When heated in contact with hydro- 
gen, they cause it to inflame. They act also on phos- 
phorus, carbon, and sulphur, nearly in the same way as 
chlorate of potass, causing explosion. It has been as- 
certained by the experiments of the above-mentioned 
chemists, confirmed also by those of Forchhammer, (An. 
of Ph. xvi.) that these crystals contain potassa in union 
with an acid, composed of manganese and oxigen, but 
with the latter in larger quantity than exists in the black 
oxid ; so that in the preparation of the mineral chame- 
leon, the oxid mus thave acquired oxigen from the nitre, 
while the acid thus formed has entered into union with 
the potassa. According to Forchhammer, there are two 
acids of manganese, a manganesious, and a manganesic 
acid ; the latter having the largest proportion of oxigen. 
The green-coloured compound formed by the action of 
nitre on the oxid, contains the alkali in union with the 


18 MANGANESE. 


former, and is therefore a manganesite of potassa ;. while 
the red crystals are manganesiate. If this is really the 
case, the change of colour of the mineral chameleon is 
owing to the absorption of oxigen, for the solution which 
is at first manganesite gradually becomes manganesiate, 
from the acquisition of oxigen from the atmosphere. 

Forchhammer has endeavoured to ascertain the compo- 
sition of these acids, but the conclusions deduced from his 
experiments must be received with caution. He sup- 
poses the former to contain 1 atom of manganese and 3 
of oxigen, and the latter 1 to 4. . 

Ammonia acts also on the black oxid, but the action 
is very different from that of the fixed alkalies. When 
the gas is passed slowly over the oxid at a high tempe- 
rature, nitrous acid is generated. For performing this — 
experiment, an earthen tube, stuffed with pieces of oxid, 
is made incandescent, by passing it through a chauf- 
fer. In the retort is placed a mixture of muriate of am- 
monia and lime, and when the oxid is properly heated, 
heat is applied to the retort, to expel the ammonia, A 
receiver is placed on the opposite end of the tube, and 
which soon becomes full of the red fumes of nitrous acid. 

The explanation of this action, which, when discover- 
ed, appeared so remarkable, is very simple: the oxigen 
from the oxid, expelled by the heat, decomposes the am- 
monla, part uniting with the hydrogen to form water, 
and part with the nitrogen to generate nitric oxid, which, 
with the oxigen of the atmosphere, produces nitrous acid, 

If the gas be passed quickly over the oxid, nitrate of 
ammonia is the result. 

Some of the compound salts act with the black oxid. 
The action with nitre has been already explained. That 
with borax, or phosphate of soda, is also peculiar. When 
either of these is melted along with the oxid, by a 
blow-pipe, it acquires a reddish tinge when held at the 
extremity of the flame, but when brought to the point of 
the blue flame, the colour disappears ; changes which may 
be effected any number of times, and seem to depend on 
the oxidation of the manganese, probably the formation 
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of its acids. MHence this has been proposed as a test of 
the presence of this metal in ores. 

When oxid of manganese is fused with glass, it makes 
it of a purple colour, and hence its use in imitating some 
of the gems. 

The alloys of manganese have been but very little ex- 
amined. 

The principal source of manganese is the black oxid, 
from which it is always procured, 'The process for ob- 
taining it is complicated, because the native oxid contains 
in general so many foreign ingredients; perhaps the best is 
that recommended by Faraday, (Lond. Journ. vi.) When 
the oxid is heated with muriate of ammonia, chlorine is dis- 
engaged, which, acting on the manganese, forms with it a 
chlorid, so that, by putting this into water, muriate is ob-' 
tained, which, on the addition of an alkaline carbonate, 
yields carbonate of manganese. After this has been 
heated to expel the acid, it is mixed with oil, and again 
heated, by which the oxigen is withdrawn, and the metal 
is left pure. ' : 

Metallic manganese is, however, seldom employed, the 
oxid, by its decomposition, affording the different com- 
pounds. The oxid is employed abundantly by chemists, 
- and in the arts. Its use in the preparation of oxigen and 
chlorine, have just been noticed. When describing the 
manufacture of earthen-ware and glass, its use in commu- 
nicating to the former a brown colour, and in rendering 
the latter colourless, have been explained, (vol. 1. p. 507.) 


GOLD. 


Gotp has been long known. Its scarcity, and its su- 
perior metallic properties, render it the most valuable of 
the metals. When pure, it is of a reddish yellow colour, 
with considerable lustre, which is not liable to be altered 
by exposure to air. Its sp. gr. is 1930. Its atomic 
weight, according to Thomson, is 250. It is soft, but is 
far superior in malleability and ductility to the other 
metals. One grain can be beat to leaves of about — 


80 GOLD. 


1-280,000th of an inch in thickness, and will cover 56 
square inches. By putting gold on silver, and drawing 
it to wire, it may be still farther extended, for the whole 
of the silver still retains a coating of gold, which is only 
1-12th part of the thickness of the leaf. One grain, it is 
said, may be in this way drawn out to about 2 miles and 
3-4ths in length. | 

The ductility of gold is also very great, being easily 
drawn to wire finer than that of any other metal. Its te- 
nacity is also considerable, a wire of about the 1-13th of 
an inch in thickness bearing a weight of 150 lb. without 
breaking. 

Gold melts at 32 W. (5237 F.) and during its fusion” 
it enlarges, consequently it shrinks when it congeals. In 
its liquid state, it is of a bright green colour. 

It is one of the metals that are not affected by heat 
and air. When subjected to a high temperature, in con- 
tact with it, it does not suffer any change; but it can be 
oxidated by electricity, by which an oxid of a purple co- 
lour is formed. | 


Oxids. 


It unites with two proportions of oxigen. The protoxid 
is of a greenish colour, and the perowxid is purple. The 
former may be obtained by dissolving the metal in aqua 
regia, evaporating the solution to dryness, and treating 
the residue with potassa, by which a green powder is pre- 
cipitated. When this is kept for some time, it is decom- 
posed, part of it takes oxigen from the other, the former 
becoming peroxid, and the latter metallic gold, and hence 
a method of preparing perowid. The peroxid may also 
be procured by the addition of potassa or magnesia to 
the muriate, and washing the precipitate with water and 
nitric acid, to remove impurities. It is of a purple co- 
lour. By the application of a strong heat, the whole of 
the oxigen is driven off, and the metal is left pure. | 

Different statements have been given of the composi- 
tion of the oxids. According to Berzelius, the protoxid 
consists of | 


MURIATE. 81 


metal, 100 1 atom, 250 
oxigen, 4 1 atom, 10 
and the peroxid, of q 
metal, 100 1 atom, 250 
oxigen, 12 3 atoms, 30 
Chlorid. 


The only action of any importance between gold and 
simple acidifiable bodies, is with chlorine. When gold 
leaf is introduced into the gas, it is instantly inflamed, 
and a chlorid formed. If the leaf be put into a solution 
of chlorine in water, or if a stream of gas be passed 
through water, holding the leaf suspended in it, it is dis- 
solved, first becoming chlorid, and then probably mu- 
riate. | 


Muriate. 


_ Gold differs from the other metals already described, 
in resisting the action of acids; even nitric, which acts 
so powerfully on them, has no effect on it. The 
substance which dissolves it most easily, is aqua regia, 
or nitro-muriatic acid, the solvent power of which, though 
it was at one time supposed to depend on the oxidizing 
agency of nitric acid, is now known to be owing to the 
presence of chlorine, and by which a chlorid, and ulti- 
mately a muriate, is formed, the former being decompos- 
ed by the water existing in the acid fluid. 

The want of action between the acids and gold, and 
the power of aqua regia to dissolve it, are well illustrat- 
ed by putting some gold ieaf.into nitric and into: muria- 
tic acid, in separate flasks, and afterwards mixing the. 
fluids with the metal in them. In the first instance, 
there is no action whatever ; but in the latter, the leaf. 
almost instantly disappears. When gold is kept for 

‘some time in aqua regia, (2 muriatic and 1 nitric acid, ) 
slightly heated, it is gradually dissolved, affording a so- 
lution of the muriate, of a yellowish colour, and from | 
which any excess of acid can be expelled by boiling. By. 


evaporation, yellowish crystals of chlorid of gold are de- 
ROL, 11. F 
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posited. When these are slightly heated, they undergo 

decomposition, part of the chlorine being evolved, and 

another chlorid formed. The last of these is composed of 
gold, .- 100 


chlorine, © 14.715 
and the latter, supposed to contain 

gold, - 100 

chlorine, - 44.145; 


so that the one probably contains an atom of each, and. 
the other 1 atom of metal to 3 of chlorine. . t 
When the chlorid is strongly heated, the whole of the 
chlorine is evolved, and metallic gold is left. ; 
Water dissolves the perchlorid, but decomposes the 
proto-chlorid, causing the chlorine to pass from one part 
to the other, by which metallic gold and perchlorid are 
formed. ~~ sil 
Muriate of gold is decomposed by some of the simple 
acidifiable bodies, provided moisture is present. — 
when a piece of cloth, soaked in the solution, is expose d 
to hydrogen gas, it becomes covered with a thin film of 
gold, and hence a means of gilding cloth, either entirely 
or partially ; for if traces be drawn on it with a hail 
pencil, and exposed to a stream of hydrogen, the gold is_ 
deposited only on those parts covered with the solution. 
The muriate is decomposed also by carbon and phospho- 
rus, which, when immersed in it, cause the deposition of 
metallic gold, (Fulhamme on Combustion.) 9 
The fixed alkalies decompose the muriate, throwing 
down a yellowish red precipitate, which is almost entire- 
ly re-dissolved if an excess be employed. The solution 
is of a greenish colour, and contains the alkali in union 
with the oxid, but supposed here to act the part of an 
acid; and hence it has been proposed to call it aurte acid, 
and the compound in solution awrate of potassa. | 


Fulminating Gold. 
The action between the muriate and ammonia, is inte- 
resting, as affording a means of preparing a fulminating 
compound. ‘To obtain it, add aqua ammoniz to a dilute 
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solution of the muriate, as long as it occasions precipita- 
tion. Collect the powder on a filter, wash it, and dry by 
exposure to air. Fulminating gold is of a reddish yel- 
low colour. It detonates with considerable violence by 
friction and percussion, and also by the application of a 
heat of about 250. Hence the necessity of using but a 
very small quantity of it, a grain being quite sufficient. 
Of course, in keeping it, it ought to be put into bottles 
with corks. When detonated so as to collect the pro- 
ducts, they are water, nitrogen, and metallic gold. 

The composition of this substance has not been ascer- 
tained, but it is supposed to be a compound of ammonia 
and the oxid ; hence, when decomposed, the hydrogen of 

the latter will unite with the oxigen of the former, to 
generate the water, disengaging nitrogen and gold in its 
metallic state. 


Muriate of Gold and Soda. 


P Muriate of gold is acted on by some of the neutral salts. 
When a muriate, as that of soda, is added, and the solu- 
ion is cautiously evaporated, it yields prismatic crystals 
‘of an orange colour, and which have been found by Dr 
Thomson to contain perchlorid of gold, chlorid of so- 
dium, and water; or they may perhaps, with more pro- 
priety, be considered a compound of muriate of gold and 
of soda with water of crystallization. The composition, 
according to him, is ; 
bi-chlorid of gold 1 atom 

chlorid of sodium 1 atom 


water 8 atoms 
or muriate of gold 1 atom =| 2 acid 
1 peroxid 
muriate of soda 1 atom =| 1 acid 
: 3 1 soda 


water ) toms 
the three atoms of hydrogen, from the 3 of water, hav- 
ing with the chlorine formed 3 of acid; while the 3 of 
oxigen have produced 1 of peroxid of gold) and 1 of soda.. 
F2 
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Muriate of gold is decomposed by some of the metals 
and their salts. Those which have a strong attrae- 
tion for oxigen, decompose its oxid, and unite with 
its acid: Hence iron, zine, copper, and mercury, put 
into the solution, cause the deposition of metallic gold. 
Other metals, on the contrary, cause the deposition of the © 
gold, mixed with the oxid of the precipitating metal. 
When, for instance, pieces of tin leaf are kept in the s0- 
lution for some time, a purple powder is gradually form- 
ed, long known by the name of the purple powder of 
Cassius. 

Many of the metallic salts also decompose muriate 
of gold, particularly those containing protoxids, the 
metal of which has a strong attraction for oxigen. Green 
vitriol, for instance, throws down the gold in its metallic 
state, the iron depriving the oxid of its oxigen, and be 
coming a peroxid, so that per-sulphate remains in soli 
tion. —_ 
The action with proto-muriate of tin is also impor- 
tant. When added to the muriate, the purple powder of 
Cassius is formed. For preparing it, tin is dissolved in 
a mixture of 2 parts of nitric, and 1 of muriatic acid, 
without the application of heat, so as to have it in the 
state of proto-salt, after which it is mixed with the solu- 
tion of the muriate, by which the purple powder is depo- 
sited. It is then to be thrown on a filter and washed. | 
It may be prepared, also, and perhaps purer, merely by 
keeping some pieces of tinfoil, or of grain tin, in the so- 
lution of gold, and the powder is gradually formed. 

Different opinions have been entertained with respect to 
the nature of this substance. According to some, it Is a 
mixture of peroxid of tin and protoxid of gold ; while, 
according to others, the g old is in its metallic state. 
When melted with glass, it gives it a rich red colour, 
and hence its use in imitating some of the gems. 

Muriate of gold is employed for giving a coating to 
other metals, particularly iron. This is done by diluting 
the solution with spirit of wine, and putting the iron into 
it, its surface being previously well polished. In the 
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course of a short time, it acquires a covering of gold, 
which may be made to adhere firmly by burnishing. In-. 
stead of spirit of wine, ether is sometimes employed. 
The solution of the muriate being evaporated to dryness, 
the residue is dissolved in ether, into which the iron is 
immersed, and almost instantly removed. By exposure 
to air the ether evaporates, and leaves the gold adhering 
to the iron, so that, by repeating the process, a suffi- 
ciently thick ceating may be given to it. In this way 
finer sorts of instruments are sometimes gilded, more par- 

ticularly if they are likely to be exposed to moisture, by 

which they are prevented from being rusted. 

Muriate of gold is also employed in porcelain paint- 

_ ing; for which purpose it is mixed with borax and gum, 
and applied to the ware by means of a hair pencil. By 
‘he application of heat, the part covered with it acquires 
ich red colour. 


Alloys. 


_ Gold combines with other metals, and forms useful 
compounds, the most important of which are those with 
“copper and mercury. When alloyed with the former, it ac- 
quires the valuable property of becoming harder, owing 
to which it is mixed with it when employed for making 
coins. From the experiments of Hatchet, (Ph. Tr. 1803,) 
it has been ascertained, that the hardest alloy is that 
composed of 11 of gold and 1 of copper. Hence, by 
order of Government, Standard or Sterling Gold contains 
a twelfth part of its weight of copper. Coins made of 
this are harder than those of pure gold; hence the im- 
pressions on them continue much longer entire. Jewel- 
lers’ gold contains more of the alloying metal, and some- 
times, instead of copper, < a mixture of it and silver is used, 
the latter giving to the compound a colour more nearly 
the same as that of pure g 1d, while copper alone makes 
it darker. Hence its ecitictlt use in making trinkets. 

_ There exists a strong attraction between gold and mer- 
cury, so that they can be easily amalgamated. When a 
piece of gold is dipt into mercury, it merely acquires a 
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white colour; but, by putting it when red hot into the 
other brought nearly to its boiling point, a soft amalgam 
is formed, from which the superfluous mercury can, be 
removed, by squeezing it in a leather bag. By this 
_ means a substance is obtained, consisting of about 1 of 
gold and 2 of mercury, and from which the latter is easily 
driven off by heat ; hence its use in gilding. : 
Though the alloys of gold and the other metals already 
described are not put to any use, yet it is important to- 
know, that many of these impair materially its proper-— 
ties. Thus 1-2000th part of lead sensibly affects it, and — 
by merely exposing it to its vapour, its ductility is con-_ 
siderably diminished. When the lead amounts to about 
1-12th part, the alloy is as brittle as glass. ‘¢ 
Tin and antimony also impair its properties. It is 
necessary, therefore, when it is to be alloyed with co 
or silver, that these be quite pure ; and particular 
tion must be paid to this, with respect to the latter, be= 
cause the ores from which it is procured often contain lead. 
Gold is a very sparing production of nature. It is al. 
ways found in its metallic state, either pure, or in com- 
bination with some other metal. In almost all civilize 
nations, it is used as a medium of exchange. Rats 
It is used also extensively in gilding other metals, 
and also wood, paper, and glass, for which purpose it is 
employed in leaf, in powder, and in amalgam. For pro- 
curing gold leaf, it is fused along with borax, and cast 
into an iron mould previously greased, after which it is 
heated, to burn off the tallow, and extended by beating, 
and by passing it between rollers, till it becomes as thin 
as paper.. It is then cut into pieces of equal size, and 
again hammered between slips of ox-gut, till they be- 
come of the requisite thinness, after which they are put 
up in books, the paper being eovered with red bole, an 
impure sort of alum, to prevent them from adhering to it. 
In this operation, each grain affords about: 80 inches of 
leaf, which is only about 1-180,000th of an inch in thick- 
ness. Gold powder is prepared by dissolving the metal 
in aqua regia, and putting into the solution a piece of 
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copper, which unites with its oxigen and acid, and causes 
it to be deposited in its metallic state in fine powder, 
after which it is kept for some time in warm vinegar, 
washed, ard dried by heat. Gold powder is also pro- 
cured by heating its amalgam, by which the whole of 
the mercury is expelled, and by stirring it during the 
application of the heat, to prevent it from running to- 
gether. It is then rubbed in a mortar with watcr, and 
dried. The mode of procuring the amalgam has been 
‘already described. 
The process of gilding differs according to the sub- 
stance to be gilded. For paper and wood, gold leaf is 
almost always employed, the surface being covered with 
some adhesive matter. For metals, the amalgam is 
generally used. When silver is to be gilded, after 
_ being washed with muriatic acid, its surface is covered 
with the amalgam, and then, by placing it on a charcoal 
fire, the mercury is driven ‘off, and the gold left adher- 
_ ing to the silver. The loose particles are removed by a 
__ brush,“and after covering it with gilder’s wax, a compo- 
“sition of bees’ wax, red ochre, verdigris, and green vi- 
~ triol, it is heated and plunged while warm into cold 
urine, by which the colour is heightened. 

As copper is not easily acted on by gold amalgam, it 
is necessary to communicate to it a thin layer of mercury, 
which is done by immersing it in a solution of the nitrate, 
by which the mercury is deposited in its metallic state, 
and adheres to the copper. It is then gilded by means 
of the amalgam, the thin layer of mercury enabling it to 
retain the gold. Gilding of glass and porcelain is usual- 
ly done by means of a flux, as borax. For this purpose 
the gold powder is mixed with gum and borax, and ap- 
plied by means of a pencil. The ware is then heated, 
by which the gum is burned off, and the borax melted, 
causing the gold to adhere to it. 

For the method of procuring gold, see Silver. 
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SILVER. 


Siitver resembles gold in many of its properties, more 
particularly in its malleability, ductility, and power of 
resisting the action of most acids. When pure, it is 
the whitest of metals, and is possessed of considerable 
lustre. It is harder and more elastic than gold, and 
next to it in malleability and ductility. It may be beat 
to leaves of only 1-160,000th part of an inch in thick- 
ness, and it can be drawn out to wire finer than a human 
hair, the tenacity of which is considerable. When of 
about 1-10th of an inch, it will sustain a weight of 300 
Ibs. 

Its sp. gr. is 1050. Its atomic sidight 137. 5. 

Silver melts at 22 Wedgewood ; and if the heat be 
higher, it boils, and is dissipated slowly in’ vapour. 
When in fusion, it becomes very resplendent ; and if al- 
lowed to cool slowly, it assumes a crystalline form. » 

By long exposure to heat and air, it-is converted into — 
‘an oxid; but the oxidation goes on very eradually 
When subjected to the oxi-hydrogen blow-pipe, it burns 
with a greenish flame. When also electric sparks are 
passed through it, in the state of wire or leaf, or when 
subjected to the action of galvanism, an oxid is formed. 


Owid. 


Though oxid of silver can be formed by the method 
mentioned, it is much more easily procured by dissolv- 
ing the metal in nitric acid, and adding lime ‘or baryta; 
by which an olive-coloured powder i is precipitated. wf 
_ The different statements given of its composition, all 
very nearly agree. ieee ibe average, it is composed. 
of vi 

metal, *00 
oxigen, 7.84 ; 
1 atom, 137.5 or 100 
1 atom, 10 7.27 
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Sulphuret. 


When silver is long exposed to air, it is tarnished, ow- 
ing to the sulphureous vapours constantly floating in the 
atmosphere, by which a sulphuret is formed. ‘The same 
sulphuret may be procured by heating sulphur and silver 
together, or by the transmission of sulphuretted hydro- 
gen through a solution of one of its salts. It is black 
and soluble in acids, giving off sulphuretted hydrogen 
gas. It is composed of 

metal, 100 latom, 137.5 
silver, 14.9 latom, 10 


Chlorid. 


Silver unites very easily with chlorine. When intro- 
duced into the gas, it slowly absorbs it, and a white sub- 
stance is formed. The chlorid is, however, most easily 
obtained by the addition of any muriate, as of soda, to 
the solution of the nitrate, by which the nitric acid and. 
soda unite, while the oxid of silver and muriatic acid un- 
dergo decomposition, the oxigen and hydrogen forming 
water, and the chlorine and silver the chlorid. It is 
in the state of a white powder, but becomes black on 
exposure to light; and that this is the cause of the 
blackening, is proved by keeping the glass containing 
the precipitate in the dark, by which it retains its white- 
ness. If exposed to sunshine, it is almost instantly 
blackened. 

When heated to about 500, it is fused; and on cool- 
ing, it becomes grey, and semi-transparent, resembling a 
piece of horn, and lence called Juna cornea. By a much 
stronger heat it is decomposed. It is soluble in ammo- 
nia; but the alkaline carbonates, by the aid of heat, de- 
compose it, reducing it to its metallic state ; and hence 
the method of procuring pure silver, by precipitating 
the chlorid, washing it with nitric acid, and then expos- 
ing to heat in a crucible, with bi-carbonate of potass. 
It is also easily decomposed by some of the metals, as 
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zinc, which, when heated slightly with it, deprives it of 
its chlorine, and sets free the metallic silver. 

Numerous experiments have been made by Proust, 
Rose, Berzelius, Marcet, Gay Lussac, Dr Davy, and 
Thomson, with the view of finding the proportions of 
the ingredients of this chlorid, not only as affording the 
best means of fixing the atomic weight of silver, but be- 
cause, by the precipitation of chlorid from any fluid con- 
taining muriatic acid, it affords a method of finding the 
proportion of that acid that existed in solution. 

Its composition is, according to 


Davy. Thomson. 
silver, 100 100 
chlorine, 32.5 ae Br 


which last makes it exactly an atom of each, so that we 
may consider it as correct. Were we to suppose this in 
the state of muriate, we easily find the muriatic acid 
equivalent to the chlorine, and can thus know how much 
acid any fluid contains; 100 gr. of chlorid, the preced- 
ing statement shews, contain ‘75.4 of silver, which re- 
quire 5.5 of oxigen for oxidation, forming 80.9 of oxid, 
and deducting this from 100 leaves 19.1; so that 100 of 
chlorid are equivalent to 19.1 of muriatic acid. 


N: etrate. 


Very few of the acids act upon silver. The one that 
dissolves it most easily, is nitric acid ; indeed it is neces- 
sary to have it diluted, to moderate the action, ‘which is 
accompanied with the usual phenomena, the disengage- 
ment of nitric oxid, and formation of nitrate. The so- 
lution is transparent and colourless, provided the sub- 
stances are pure; but if the acid has contained a little 
muriatic acid, it is turbid from the deposition of chlorid 
of silver. If, on the other hand, standard silver be used, 
the solution is of a greenish tinge, from the formation of 
nitrate of copper. By evaporating the solution, flat 
rhomboidal crystals of nitrate of silver are obtained. 
They have a bitter taste; are easily fused by the appli- 
cation of heat, in which state it is poured into cylindri- 
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cal moulds, and forms Junar caustic. During the fusion, 
however, it scems to undergo a slight change ; it acquires 
a dark colour, and it is not completely soluble in water, 
probably from the decomposition of a little of the nitrate, 
its acid being expelled. 

‘When the solution of the nitrate has been prepared 
from Sterling silver, the copper is easily removed by eva- 
porating to dryness, and exposing the residue to heat, 
by which the acid is expelled from the copper, and the 
oxid left, and as it is insoluble, the nitrate of silver is 
easily taken up by water. 

Nitrate of silver is dissolved by about an equal weight 
of cold water. The solution is transparent and colour- 
less, but on exposure to light, undergoes decomposition. 
If, for instance, traces be drawn with it on paper or 
cloth, and exposed to sunshine, they very soon become 
black. Hence its use as indelible or marking ink. For 
preparing this, a piece of pure silver is put into its own 
weight of nitrous acid, diluted with an equal quantity of 

“water; and when the acid has taken up as much of it as 
it can, which is known by its ceasing to give off bubbles 
of gas, it must be poured off, and evaporated to dryness, 
and then fused by continuing the heat. Two parts of 
the dried residue, and 1 of gum Arabic, are dissolved in 
4 of water, and the solution blackened with a little China 
ink ; but before applying it to the cloth, this must be 
wetted with an alkaline solution, (prepared by dissolving 
an ounce of carbonate of soda, and 1-4th of an ounce of 
gum Arabic, in four ounces of water,) and then dried. 

Nitrate of silver is decomposed by some of the inflam- 
mables, as hydrogen gas, carbon, and phosphorus, the 
vaction being exactly the same as already mentioned with 
gold, the silver being deposited in its metallic state. 

It is decomposed by muriatic acid, which precipitates 
the chlorid, by the fixed alkalies which throw down the 

 oxid, and by the muriates, phosphates, and carbonates. 

‘Ammonia at first occasions a precipitate, but almost in- 

stantly re-dissolves it; and hence the method of prepar- 
ing the ammoniuret of silver; or nitrate of silver and am- 
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monia, merely by adding aqua ammonie to the solution 
of the nitrate, till the precipitate at first formed disap- 
pears. ‘The solution is transparent and colourless. 

Nitrate of silver is also decomposed by some of the 
metals. When, for instance, a plate of copper is im- 
mersed into its solution, it very soon acquires a coating 
of silver, and leaving it there for some time, the whole 
of the silver is deposited in the form of a light flocculent 
powder. It is not pure, but can be purified by throwing 
it into another solution of the nitrate, which removes a 
copper mixed with it. 

When mercury is put into the solution, the ailver® is 
precipitated, and if the action go on slowly, and the ves- 
sel be kept undisturbed, the metal assumes a dendritic 
appearance, the branches spreading through the solution. 
Hence the mode of forming the Arbor Diane, merely by 
throwing a globule of mercury into very much diluted 
nitrate of silver. The action here by which the metal 
becomes arborescent, _ is to be explained in the same way 
as in the formation of the lead tree, (p. 46.) Nitrate of 
silver is, according to Thomson, composed of 


acid, 32 1 atom 
oxid, 68 1 atom 
Phosphate. 


Phosphoric acid does not act on silver. A phosphate 
may, however, be prepared by the addition of phosphate 
of soda to nitrate of silver, by which a yellow powder is 
precipitated. When boiled with any earthy muriate, it 
‘is decomposed, and phosphate of the earth and chlorid 
of silver are formed; and hence the use to which Gay 
Lussac applied it, in freeing chlorate of baryta from the 
muriate, with the view of procuring chlorate of baryta, 


from which he obtained chloric acid, (vol. i. p. 476.) 
Sulphate. 


Sulphuric acid does not act on silver in the cold, but 
by the application of heat a sulphate is formed, the 
metal being oxidated by part of the acid. It may also be 
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procured by adding an alkaline carbonate to the nitrate, 
to throw down carbonate of silver, and then decomposing 
this by sulphuric acid. The sulphate is sparingly solu- 
ble, requiring about 90 of cold water for solution. Ata 
red heat it is decomposed, the acid being expelled, and 
the oxid reduced. ‘The alkaline earths, the carbonates, 
muriates, and phosphates, also decompose it. 


Arsenite. 


When arsenite of potass is mixed with nitrate of sil- 
ver, a yellow precipitate of arsenite of silver is formed ; 
and as the nitrate is so easily decomposed by the arsenical 
salt, it has been recommended as a test of arsenic. (See 
Poisons.) 


Fulminating Silver. 


Different methods are followed in the preparation of a 
fulminating compound from silver. 'The substance that 
explodes most easily, is prepared by the action of ammo- 
nia. For this purpose, lime water is added to the nitrate, 
and the precipitate, after being washed and dried, is put 
into a glass cup with aqua ammoniz, and in the course 
of ten or twelve hours it becomes black. The fluid is 
then to be poured off, and the powder dried cautiously 
by exposure to aor. 

This substance explodes easily by the slightest friction 
or percussion. It ought not, therefore, to be removed 
from the vessel in which it is prepared, and of course 
very little, not more than a grain, should be made in 
each. 

Another detonating compound, discovered by Brugna- 
telli, is obtained from the nitrate by the action of alco- 
hol. For preparing it, 50 grains of lunar caustic in pow- 
der are thrown, in small quantities at a time, into an 
ounce of a mixture composed of equal parts of nitric acid 
and spirit of wine, of specific gravity 860. An action 
commences, accompanied with the disengagement of red 
fumes, during which a white powder is deposited ; and. 
when this has taken place, water must be poured on to: 
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put a stop to it. It may be also procured, by dissolving 
30 grains of pure silver in an ounce of diluted acid, 
(equal measures acid and water,) and adding, after the 
solution is completed, 2 ounces of alcohol. By the ap- 
plication of a very slight heat, the powder is deposited ; 
but the moment it appears, more spirit of wine must be 
put in, to prevent the action from becoming too violent. 
The powder thus formed, must be collected on a filter, 
and dried by exposure to air. 

When a little of the detonating silver is put into paper, 
and struck with a hammer, or rubbed in a mortar, it ex- 
plodes with great violence. Hence its use in making deto- 
nating balls and pullaways. 'The former are prepared by’ 
wrapping about 1-4th of a grain, into a piece of very 
fine paper, with a dried pea. ‘This, when thrown on the 
floor, is instantly exploded. The latter are formed, by 
putting a little of the powder with sand between two 
pieces of thick paper, and securing these together, by 
pasting another piece of paper round that part contain- 
ing the powder. When drawn asunder, the friction — is’ 
sufficient to cause explosion. 

Detonating silver is exploded also when touched with 
sulphuric acid. 

Fulminating silver, according to the experiments of 
Leibig, contains oxid of silver in union with an acid, f 
having cyanogen and oxigen; for when heated with 
oxid of copper, carbonic acid and nitrogen, in the 
same proportion as generated by the combustion of 
cyanogen, were disengaged. But besides these, it seems 
to contain also silver as one of its ingredients. When 
treated with solution of potassa, or of its muriate, the 
acid and alkali combine ; indeed, the acid may be trans- 
ferred to any base. ‘The compounds thus formed, deto- 
nate, but not so powerfully as that of silver. (An. of Ph. 
N. S. vii.) | ‘ 

It has been mentioned, (vol. i. p. 326.) that though 
the acid of fulminating silver can be transferred to other 
bases, it cannot be got from them. In a late paper, 
however, by Leibig, (An. de. Ch. et de Ph. xxxiti.) 
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he has pointed out a method, by which he asserts that 
he has succeeded in obtaining the acid. It consists in 
transmitting a stream of sulphuretted hydrogen through 
water, holding fulminating silver suspended in it, but 
ceasing before the whole of the fulminate is decomposed. 
Sulphuret of sulphur is then deposited, and fulminic 
acid, according to Leibig, left in solution. It reddens 
vegetable blues, has an acid taste, and neutralizes salifia- 
ble bases. If the stream of gas be continued till the whole 
of the fulminate disappears, the acid, though set at liber- 
ty, is decomposed, and other products are formed, the 
nature of which has not been ascertained. 


Alloys. 


Silver unites with almost all the metals. The most 
important alloy is that with copper, forming Standard or 
Sterling Silver, which is composed of 12% silver, and | 
copper. It is much harder than the pure metal, and is 
therefore better adapted for coins and trinkets. 

Silver unites also with gold. It has been mentioned, 
that the latter is frequently alloyed with the former, for 
making jewellers’ gold. As this alloy is more easily fused 
than sterling gold, it is used for-soldering it. 

Silver is used as a medium of exchange, and for trin- 
kets and plate. It is employed also for giving a coating 
to other metals, with the view of making them appear 
like it; or for enabling them to be put to purposes, to 
which they could not otherwise be applied. ‘The only 
. metals that are silvered, are copper, or brass, and pew- 
ter; the process differing according to the thickness of 
the coating required. An easy method of silvering is by 
the amalgam. For this, silver in powder, prepared 
from the nitrate by copper, as already described, is 
mixed with four times its weight of common salt, four 
of sal ammoniac, and a fourth part of corrosive subli- 
mate, and made into a paste with water, with which the 
surface of the metal is covered, till the whole of it ac- 
quires a white metallic coating. This is an amalgam of 
the silver and the mercury of the sublimate, from which 
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the latter is expelled by heating it, and the former is left. 
adhering to the metal. Another mode of silvering is by 
luna cornea. 'This is mixed with three of pearl ash, one of 
whiting, and one of sea salt, and sprinkled on the metal, 
previously heated, which gradually acquires a coating of 
silver ; but as it is very thin, it requires to be varnished, 
to-prevent it from being rubbed off. A more durable 
kind of silvering is given, by putting on a bar of copper, 
another of silver, of about 1-12th part of the thickness, 
with a little powdered borax between them. By expos- 
ing this to heat, the borax is melted, and causes them to 
unite; so that, by passing them between rollers, they 
can be extended to plates, the silver always bearing the 
same proportion to the copper which it did at first. 


Methods of Procuring Gold and Silver. 


Gold is always found in its metallic state, alloyed with 
silver and copper. Some iron and lead ores also con- 
tain a sufficient quantity of it to make them valuable as. 
ores of gold. When gold is alloyed with silver, mixed 
with stony matter, the method of extracting it is very 
simple. The ore is first broken into pieces, and freed. 
as much as possible from impurities, after which they 
are reduced to powder, and made into a_ paste with 
salt and water. Mercury is next squeezed through 
a leather bag on the mixture, and as it flows in, in very 
minute globules, it is mixed intimately with the ore. 
When the proper quantity is added, the whole is beat 
well together, and kept at about the temperature of boil- 
ing water for some days, till the union is effected, after. 
which the earthy matter is washed away, and the residue 
is subjected to distillation, by which the mercury is ex- 
pelled, and the gold containing a little silver is left. 
These are easily separated by the process of parting. 
For this purpose the metal, being extended to thin plates, 
is put into diluted nitrous acid, by which the silver is 
_ dissolved, and the gold left, the former only being so- 
luble. From the solution the silver can be precipitated 
by the immersion of a piece of copper. 
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In those cases in which the gold is alloyed with other 
metals, the process for procuring it 1s more complicated. 
The ore is first roasted, to drive off sulphur, and then 
heated along with lime and lead ore, and when complete- 
ly fused, it is drawn off into moulds. ‘The metallic mat- 
ter thus obtained, after being repeatedly fused, is an 
alloy of gold, silver, lead, and copper, from the two last 
of which it is separated by the process of cupellation. 
Gold and silver are not oxidated by heat and air, while 
the others very quickly pass into the state of oxid when 
heated. On this depends the process of cupellation, 
which is merely the separation of gold and silver from 
other metals, by means of oxidation, as will be imme- 
diately described. 

Silver is obtained, not only from the ores of this metal, 
but also from those of lead; some of which afford a 
sufficient quantity to make it of importance to extract 
it from them. ‘Two modes are followed, amalgama- 
tion and fusion. The first is performed, by mixing the 
ore with sea salt, and heating it till the vapours cease 
to come off. When the product is cool, it 1s reduced 
to powder, amalgamated, and then heated, by which 
the mercury is driven off, and the silver left, but still 
alloyed with copper. In conducting the process of fu- 
sion, the ore, which is generally one of lead, is roast- 
ed, to expel the sulphur, and is then heated along with 
charcoal, by which the lead is reduced and melted, 
and falls to the bottom of the furnace, carrying the silver 
with it. From the products thus obtained, the silver is 
procured by cupellation. The vessel or cupel in which 
the refining is carried on, is made of bone ashes. It is 
placed in a furnace, and when properly heated, the alloy 
is put in, and a stream of air allowed to pass over it, 
by which the oxidable metals are oxidated, and ab- 
sorbed by the dish, while the silver is left in its metal- 
lic state. If not pure, the process must be repeated. 

In freeing gold from other metals, recourse is often 


had to cupellation, which is conducted in the same way 
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as with silver; but as the alloying metals are in small 
quantity, it is in general necessary to add some lead, 
which, during the process, is oxidated, and absorbed by 
the dish, carrying with it the whole of the impurities. 
Should the gold still contain silver, they are separated 
by parting, as already described, (Aiken’s Chem. Dict.) 


PLATINUM. 


PLaTinum was not known in Europe till about the 
middle of the last century, when it was brought here by 
Mr Wood, Assay Master at Jamaica, who, in 1749, gave 
an account of some of its properties. 

it is found chiefly in South America, in small flat 
grains, but which are not the metal in its pure state; 
they contain no less than four others, that have not been 
found any where else, and one or two more, frequently 
met with. 

When pure, it is of a ‘white colour, somewhat resem- 
bling silver, though rather darker, and having less 
lustre. Its sp. gr. is 2150; its atomic weight 120.- In 
hardness it is inferior to few, if any, of the metals. It 
is possessed of great malleability and ductility. It may 
be beat into very fine leaves, and drawn to wire, not ex- 
ceeding 1-2000th part of an inch in thickness. When 
about the 1-13th of an inch thick, it sustains a weight of 
270 Ibs. 

Platinum requires a higher heat than any other gti 
for its fusion, that of a blast furnace not being sufficient 
to melt it; it may, however, be fused by the “oxi-hy dl 
gen blow-pipe. When heated to whiteness, like iron, it 
can be welded, and hence a method of getting it in its 
malleable state. 

It expands very little by the application if caloric. 
According to Wollaston, if we consider the expansion 
of steel, between the freezing and boiling points of 
water, as 12, that of platinum is only 9. He states 
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also, that it is a worse conductor than any of the other 
metals, its conducting power being to that of copper as 
1 to 23, and to silver as 1 to 3}. | 

Platinum is not oxidated by heat and air. It can, 
however, be converted to an oxid by electricity, and by 
the oxi-hydrogen blow-pipe. 


Oxids. 

It unites with two proportions of oxigen, forming prot- 
oxid and peroxid, the former of which only has been ob- 
tained in its uncombined state. 

According to Berzelius, the protoxid may be procured 
by the addition of potassa, in excess, to a solution of the 
metal in nitro-muriatie acid, by which a black powder 
is precipitated. It contains, according to him, 

metal, 100 = 1 atom 120 
oxigen, 8.28 = 1 atom 10. 

When exposed to a strong heat it is decomposed, the 
whole of its oxigen being expelled, and the metal left 
pure. 

Peroxid, though not yet obtained except in a state of 
combination, is, according to Berzelius, composed of 

metal, 100 =I1 atom 120 
oxigen, 16.38 = Qatoms 20. 

Another compound of platinum and oxigen has been 
mentioned by Mr Davy, and which, he says, consists of 
metal, 100 = 2 atoms 
oxigen, 11.86 = 3 atoms. 

He procured it by boiling nitric acid and fulminating 
platinum, drying the residue, heating it, and then wash- 
ing it with potassa. 


ee Muriate. 


Platinum resembles gold in its power of resisting the 
action of acids. ‘The only one that acts on it is the nitro- 
muriatic. For dissolving it 3 of muriatic and 1 of nitric 
should be employed, the metal being previously cut into 

a2 
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small pieces, and: the heat continued till the whole of it 
is dissolved. ‘The action goes on with the usual ap- 
pearances, and a brown solution is obtained, that yields 
crystals of the same colour, and which may be considered 
a muriate, or a chlorid. The alkalies decompose the 
muriate; but the phenomena differ according to the sub- 
stance employed. 

When potassa is added to the solution, a brown preci- 
pitate falls, which is a compound of the alkali and the 
muriate, muriate of platinum and potassa, or, accord- 
ing to some, a chlorid of platinum and of potassium, in 
the proportion, according to Thomson, (First Pr.), of ) 

) 3 atoms chlorine, 135 
1 atom platinum, 120 
1 atom potassium, 960, 
which, from analysis, he finds are so combined as to form. 
1 atom bi-chlorid of platmum, 210 
1 atom chlorid of potassium, - 95. 

When soda is added to the solution of the muriate, 
there is no precipitation, but it enters into union, and 
forms a similar compound, either a muriate of platinum 
and of soda, or a chlorid of platinum and of sodium. It 
may also be procured by boiling the metal in a mixture 
of nitric acid and sea salt, and evaporating the solution 
till it begins to deposit crystals. It is composed, accord- 
ing to Thomson, of . 


bi-per-muriate of platinum, 1 atom 
muriate of soda, : 1 atom 
water, - - 5 atoms ; 
or, bi-chlorid of platinum, 1 atom 
chlorid of sodium, - 1 atom © | 
water, 2 : 8 atoms, , 


3 of the atoms of water being, in the first case, consumed 
in the acidification of the chlorine, and oxidation of the 
metals. : 

The action between the muriate and ammonia, or its 
muriate, is also important. Whena solution of sal-am-. 
moniac is added to it, a precipitate falls, which must be. 
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considered a triple compound, a muriate of platinum and 
ammonia ; or, according to Thomson, of chlorid of plati- 
num and ammonia, in the proportion of 
bi-chlorid of platinum, 1 atom 
muriate of ammonia, 1 atom. 

When this is exposed to a red heat, it is decomposed, 
muriate of ammonia and chlorine being disengaged, and 
platinum, in its spongy state, obtained ; and hence the 
method of procuring spongy platinum for the hydro- 
pneumaticlamp. For this purpose, having dissolved the 
metal in nitro-muriatic acid, composed of 3 of muriatic and 
1 of nitric acid, by the application of heat, sal ammoniac 
must be added as long as it occasions precipitation. ‘The 
mixture is then to be thrown on a filter, washed with a 
little water, and dried; after which it is to be exposed 
to a red heat, in a crucible, for about a quarter of an 
hour. It ought then to be removed cautiously, without 
compressing it, and kept in a box excluded from the air, 
to prevent it absorbing moisture and dust. If the plati- 
num, in grains, has been used, the sponge should be dis- 
solved a second time in acid, and precipitated by the 
sal ammoniac, so as to get it pure; but if, the plate pla- 
tinum has been employed, there is no necessity for thé 
second solution. 

Muriate of platinum is decomposed by some of the 
metallic salts. When green sulphate of iron is boiled 
with it, platinum in its metallic state is precipitated, 
owing to the iron depriving it of its oxigen. 

The action with proto-muriate of tin 1s peculiar. When 
the solution, recently prepared, is added to the muriate, 
a red precipitate is formed. If the muriate of platinum 
be so much diluted as scarcely to tinge the water, it 
becomes red on the admixture with the proto-muriate ; 
and hence the use of the latter as a test of the former. 
Hydr-iodic acid tinges the solution of the muriate of 
the same colour, and hence also its use as a test of pla- 
tinum. 
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Fulminating Platinum. 


When a stream of sulphuretted hydrogen gas is, passed 
through the solution of the muriate, a dark-coloured 
sulphuret is precipitated, which, when boiled in nitric 
acid, becomes sulphate, owing te the acidification of the | 
sulphur, and oxidation of the metal. From this solu- 
tion, fulminating platinum can be obtained, by the addi- 
tion of ammonia in excess, washing the precipitate, and 
boiling it in solution of potassa 1 early to dryness. The 
residue, after being washed is ius dried by a slight 
heat. 

As thus formed, it is a pei Picard powder, which 
detonates with considerable violence at the tempera- 
ture of about 420. “ae explodes. Rise by friction, but 
not by percussion. Like the other fulminating com- 
pounds prepared in the same way, it is supposed to be a 
compound of oxid of platinum, ammonia, and water. 

When equal measures of strong solution of platinum and, 
alechol are boiled together, a dark-coloured powder 1s. 
gradually deposited, which, after being washed, and dried 
by a gentle heat, is possessed of Raye properties. 
When heated, it explodes with a hissing noise, and a 
bright flash of red light, leaving platinum in its metallic 
state. When introduced into ammoniacal gas, it becomes 
red-hot, and hence it has been proposed to employ it as a. 
means of affording a light, but which of course is super- 
seded by the more easy application of hydrogen to spon- 
gy platinum. It is decomposed by alcohol, which, almost 
the moment it touches it, makes it red hot. If, for in- 
stance, a little of it be put on paper wet with alcohol, ig- 
nition immediately follows. According to the experi- 
ments of Mr Davy, (Ph. Tr. 1820.) it is composed, im 
the 100 parts, of 96.5 of platinum, the remainder being 
nitrous acid, oxigen, and carbon; so that it is proba- 
bly similar in, its composition to fulminating silver, con- 
taining platinum in union with some compounds of cya- 
nogen. 
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Alloys. 


Platinum unites with almost all the metals, but the 
alloys are not put to any particular use. The union be 
tween it and tin, lead, or antimony, is easily effected, 
the action being accompanied with the evolution of heat. 
When, for instance, a piece of sheet lead and of platinum 
foil are put together, aa heated at the edge by a blow- 
pipe, they suddenly unite with explosion, the alloy be- 
coming fluid and scattered about, and emitting much 
heat and light. T he same occurs with tin, zinc, or anti- 
mony, when surrounded by platinum foil, and treated in 
the same way. 

Platinum unites easily with gold. When it was first 
introduced to this country, the importation of it into 
Spain was prohibited, from an idea, that as it is of great 
weight, it might be used to adulterate gold,—a prohibi- 
tion which was unnecessary, for the addition of about 
1-40th impairs its properties pi that it is easily de- 
tected. 

Platinum is found in few bates Tt is got in Choco 
in Peru, and in Santa Fé, n Carthagena; and Vauque- 
lin has lately discovered 7 in the silver mines of Gaudal- 
canal in Estremadura. It has been found also in St 
Domingo and in the Brazils. 

Platinum is obtained in different ways from the grains: 
One method is, by dissolving them in aqua regia, and de- 
composing the solution by sal ammoniac, by which the 
spongy metal is procured ; ; and to get this in a malleable 
state, it is put into an iron mould, and compressed by 
means of a strong screw, after which it is heated to red- 
ness, and repeatedly hammered, till it yields a uniform 
mass. It is also obtained in its malleable state, by mix- 
ing the sponge with mercury, and subjecting it to heat, 
by which the mercury is driven off. A number of pieces 
thus formed, are then put together, and welded. 

Platinum, from its infusibility, and its power of resist- | 
ing the action of chemical agents, is well adapted for 
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chemical apparatus, as crucibles and evaporating dishes, 
though the difficulty of working it makes it very expen- 
sive. Ona larger scale, it is made into retorts in which 


sulphuric acid is boiled, after it is drawn off from the 


leaden chambers in which it is prepared. Instead of pure 
platinum, copper utensils coated ye are sometimes 
a hale by which the expense is considerably dimi- 


left adhering to it. — 

Platinum is also use 
this purpose, the spc h a flux, “a put 
i ated. In the same 
wvered with plati- 
t coating, and 


way, earthen-ware + S: 
num, by which they r 
thus become bad radi 


WueEN nitro-muriatic acid is B boiled on platinum grains, 
a black shining powder is left, which has been found to 
consist of two metals, the one called iridium, from the 


different colours of its compounds, the other osmium, 


from the pungent odour of its oxid, (oc#n, odor.) 


are rendered bs 


To separate these, the powder is digested alternately 


in soda and in muriatic acid, till the whole of it is dis- — 


'»> 


solved, the solutions being kept separate. The former 


contains the osmium, the latter the iridium. ; 


OsMIumM. 


When sulphuric acid is added to the alkaline solution, 
it unites with the potassa, and oxid of osmium is sepa- 
rated, and by distillation is obtained pure, being easily 


—s en 
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converted to vapour, which can be condensed in a cold 
receiver. When the fluid thus procured is agitated with 
mercury, an amalgam is formed and precipitated, from 
which the mercury can be expelled by heat; and if the 
process be conducted in close vessels, the osmium is left 
in its metallic state. 

It is of a dark steel grey colour. It does not fuse by 
a strong heat excluded from air; but when it is present, 
it is oxidated and eva d. The solution of the oxid 
in water is colourless, a sweet taste, but a pun- 
gent disagreeable « hence the origin of the 
name. * ae 

It stains the skin of a dark colour. 

Osmium does not seem capable of uniting with acids. 

ey goa 
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1h eee 
When the ehiiiascletsolh ion of the powder is crystal- 
lized by evaporation, and the crystals, after again dis- 
solving them, are exposed to eat, the acid and oxigen 
are expelled, and the metal is left pure. It is, accord- 
ing to Children, a white kt t metal, of sp. gr. 1860. 
Its muriatic solution is decomposed by all metals, except 
_ gold and platinum, by which iridium is deposited. 
_ Ammonia precipitates part of the oxid, retaining the 
remainder in solution. 
Dr Thomson, from the decomposition of the muriate, 
infers that the atomic weight of iridium is 37.5. 


RHODIUM AND PALLADIUM. 


These two metals were discovered by Wollaston in the 
nitro-muriatic solution of platinum, (Ph. Tr. 1805.) and 
may be obtained by the following process :—After preci- 
pitating the platinum by sal ammoniac, immerse a plate 
of zinc, and a black powder is deposited, which, by 
digestion in nitric acid, yields copper and lead. Treat 
the residue with nitro-muriatic acid, and to the solution 


106 PALLADIUM. 


add muriate of soda, equal in weight to a fifth part of 


the platinum grains employed, and then evaporate. The 
residue consists of muriates of soda, platinum, palladium, 
and rhodium, the two first of which, when it is washed 


with alcohol, are removed, and by dissolving the remain- 


der in water, a solution is obtained, which, by the im- 
mersion of a piece of zinc, affords a black precipitate. 
When this is heated with borax, it becomes white, with 

Fi ona 


a metallic lustre. It is rhodiun ina state of purity. 


RuHopiumM 
er Paul 


Is of sp. gr. 1100. Its atomic weight is 55. It re- 


quires the heat of a blast furnace for its fusion. By al- 


loying it with other metals, as with lead, it may be dis- 
solved in nitro-muriatic acid, and it then yields a red-co- 


loured solution ; and hence the origin of its name, (godov, - 


rosa. ) : al 


The alcohol employed Fring off the other sub- 


stances from rhodium, contains palladium in union with 


ita 
i as 


te 


muriatic acid and soda, from which it can be obtained by 


the addition of ferro-cyanate of potass; but an easier 


mode ef procuring it is, to add to muriate of platinum, — 
after removing the platinum by sal ammoniac, a solu-— 
tion of hydro-cyanate of mercury, by which a precipitate - 


is thrown down, and which, by the application of heat, 
yields palladium pure. 

The muriate is decomposed by the alkalies, which 
throw down a yellow precipitate. Itis not affected by 
muriate of ammonia, or by hydro-sulphurets. 

Palladium is of a colour somewhat similar to that of 
platinum. Its sp. gr. is about 1100; its atomic weight 
70. Itis malleable and ductile. It requires a higher 
temperature than gold for its fusion. 

Nitric and sulphuric acid dissolve it, but the readiest 
solvent is nitro-muriatic acid, which affords a rich red- 
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coloured solution of the muriate, easily decomposed by 
the alkalies and earths. Sulphate, nitrate, and muriate 
of potass, also throw down precipitates. Green sulphate 
of iron precipitates palladium in its metallic state. Pro- 
to-muriate of tin forms a dark orange precipitate, and 
hence its use as a test of palladium. 

Palladium unites with other metals. 

Like platinum, it destroys the colour of gold, a sixth 
part being sufficient to make it quite white. 

For the other methods of procuring these four metals, 
see London Journal, xii. 


s 


e BISMUTH. 
2 : 

Bismuru was known as a distinct metal about the be- 
ginning of the 16th century, but no accurate account 
was given of it till 1763, when Geoffery detailed a few 
of its properties, since which it has been examined by 
Lagerhjelm, and Dr Davy. 

It is of a whitish colour, with a Behe tinge of red. 
It has a foliated texture, and in hardness is between cop- 
per and lead. Its sp. gr. 9820. Its atomic weight is 
90. When cautiously hammered its density is increased, 
but it is not malleable or ductile, being easily broken by 
asmart blow. A rod of 1-10th of an inch in thickness, 
sustains a weight only of about 30 lb. Its fusing point 
isi very low, but it has been differently stated by authors. 
It is, according to Berzelius, 451.5; Lewis, 460; Irvine, 
476; the last of which is considered the most correct. If, 
after fusion, it is allowed to cool slowly, it crystallizes 
perhaps more easily than any other metal. 


Oxid. 

When heated in contact with air, it acquires a brown- 
ish crust on its surface, and, by agitation, the whole of 
it is converted into a brownish powder. If the tempera- 
ture be high, it takes fire, and burns with a blue flame, 
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forming a yellow oxid, which at avery high heat is fused, 
and becomes a yellow glass. 

Only one compound of bismuth and oxigen is known. 
It is, according to the experiments of Dr Davy, compos-- 
ed of 

metal, 100 —=1 atom 90 
oxigen, 11.11 — 1 atom 10. 

The acids in general act easily with bismuth, and 
form colourless salts, many of which are decomposed by 
water. 


Nitrate. 


The action between nitric acid and bismuth, is similar 
to that with tin. When the strong acid is used, a great 
deal of nitric oxid is disengaged, and a white powder is 
formed, consisting chiefly of oxid. To obtain a solution, 
it is necessary to moderate the action by dilution with 
water, by which the bismuth is oxidated, and then unites 
with the remainder of the acid. The fluid is transparent 
and colourless, and, by evaporation, yields transparent 
crystals. When it is thrown into water, there is an 
immediate decomposition and precipitation of a white 
powder, which is a hydrated oxid, probably retaining 
a little of the acid. It was long known by the name 
of magistery of bismuth, and is now employed in medi- 
cine, as a tonic. : 

Nitrate of bismuth is decomposed also by the alkalies, © 
and some of their salts. The action with a hydro-sul- 
phuret is important as affording a very good synipathetic 
ink, On the addition of any hydro-sulphuret to the so- 
lution, a black precipitate is formed ; hence, when charac- 
ters are drawn on paper with the nitrate, they are invisible, 
but when exposed to sulphuretted hydrogen gas, or im- 
mersed in a weak solution of hydro-sulphuret, they in- 
- stantly become black. 

The other salts of bismuth present nothing interesting. 


Alloys. 


Bismuth combines with most of the metals, and forms 
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alloys which are in general brittle, and fusible at a low 
temperature ; and hence its use in communicating fusibi- 
lity to other metals, as in forming solders, a little of it 
being sometimes mixed with the tin and lead employed 
for this purpose ; and it is used also in making some kinds 
of pewter. When it is mixed in large quantity with tin 
and lead, the alloy is so fusible that it is melted when 
thrown into boiling water; and if to this alittle mercury 
be added, the fusing point is still farther reduced ; hence 
the use of these materials in making fusible metal, pre- 
pared by fusing together 9 of bismuth, 5 of lead, and 3 
of tin, and then adding 2 of mercury. ‘The fusing point 
of this alloy is about 150. Hence a spoon made of it, 
when put into soap or tea, instantly disappears, the tem- 
perature being sufficient to melt it, and thus exciting a 
little surprise in the person who uses it. 

Bismuth is occasionally found native, but it usually 
occurs in union with oxigen or sulphur, from which it is 
always obtained. For this purpose, the ore is first roast~ 
ed, generally along with fuel, in shallow pits dug in the 
earth. The metallic matter collected at the bottom is 
then put into a crucible, with charcoal, and covered with 
sea salt; heat is applied for a short time, by which the 
mixture is fused, and the bismuth falls to the bottom, 
the charcoal having deprived it of its oxigen, and allowed 
it to assume the metallic state. It is not, however, pure, 
it contains a little lead, and sometimes silver; but it is 
sufficiently so for the purposes to which it is usually ap- 
plied. When required pure, it is prepared from the 
oxid thrown down from the nitrate by water, by washing 
it and exposing it to heat in a crucible, along with char- 
coal. 


COBALT. 


A MINERAL Called cobalt, has been long in use for giy- 
ing a blue colour to glass, which has been found to con- 
tain a peculiar metal, possessed of remarkable properties. 
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When pure, it is of a pale reddish colour; is soft and 
brittle, so that it is easily reduced to powder. Its tex- 
ture differs according to the mode of preparing it, being 
sometimes foliated, at other times granular. Its sp. gr. 
is 8300. Its atomic weight 32.5. Even when pure it 
is said to be magnetic, and may itself be made into a 
magnet. ‘This property of cobalt is supposed, however, 
by some, to be owing to the presence of iron; but Tas- 
saert asserts, that it continued to be obedient to a mag- 
net, after means had been taken to remove all impurities, — 
and when the tests could not detect the smallest quantity 
of iron in it. 

Cobalt requires a very high temperature for its fusion, — 
130 of Wedgewood being necessary. When cooled slow- 
ly, it assumes a crystalline form. Ye. 

When heated in contact with air, it forms an oxid, 
which is at first pale blue, but gradually becomes darker, 
till at last it appears black. If the temperature to which 
it is exposed is high, it burns with a reddish flame. 


Oxids. 


Cobalt unites with two proportions of oxigen. When 
to a solution of one of its salts, potassa is added, a bluish 
precipitate is formed, which is the protoxid, composed, 
according to Thomson, of 

metal, 100 l atom, 32.5 
oxigen, 30 1 atom, 10. 

On exposing this to air, particularly during the pro- 
cess of drying, it absorbs oxigen, and. becomes of a deep — 
blue colour, indeed so intense as to appear black. 

This is the peroxid, composed, according to the same 
authority, of 

metal, 100 1 atom, or 2 
oxigen, A5 14 atom, 3. 

The protoxid is soluble in acids, giving, in general, 
reddish-coloured solutions. The peroxid, when acted on 
by them, is decomposed, losing a part of its oxigen, and 
being reduced to the state of protoxid. When muriatic 
acid is employed, a solution of the proto-muriate is ob- 
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tained, and chlorine is disengaged, the oxigen liberated 
having combined with the hydrogen of part of the acid ; 
so that the action is similar to that of the black oxid of 
manganese. The peroxid seems, therefore, incapable 
of uniting with acids. 

_ The peroxid is also decomposed by heat, air being ex- 
cluded, by which about 10 per cent. of oxigen is disen- 
gaged, and protoxid left. — 

Cobalt is easily dissolved by the acids, and forms salts 
possessed of sympathetic properties. Though these may 
be formed by the action of the acids on the metal, it is 
seldom employed for this purpose, the oxids of commerce 
being generally used. The most important of the salts 
is the muriate. 


Muriate. 


This may be prepared by dissolving the metal in nitro- 
muriatic acid, or the impure oxid, called zaffre, in mu- 
riatic acid, by the application of a slight heat. The solu- 
tion, when concentrated, is of deep red colour, which be- 
comes paler by dilution. Ifa sufficient quantity of water 
be added to make it colourless, it then forms a very fine 
sympathetic ink. 

Traces drawn with it on paper are invisible, but when 
slightly heated, become blue. As the paper cools, the 
traces disappear, and the more moist the atmosphere, 
the more rapid the change. They may be again re- 
stored, merely by heat, and these changes may be ef- 
fected any number of times, provided care is taken 
not to injure the texture of the paper. If the solu- 
tion of cobalt be mixed with other substances, different 
colours may be imparted. Thus, if a little gamboge 
be added, it gives yellow traces, but which, when dried, 
become green, this being produced by the yellow of 
the gamboge and blue of the cobalt. If mixed with 
lake, they become purplish when heated, the red and 
blue yielding purple. Amusing experiments may there- 
fore be performed with these solutions. Thus, when we 
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wish to make a landscape change its appearance, say 
from a winter to a summer scene, the trunks of the trees 
are coloured brownish, while the leaves and fore-ground 
are covered with the cobalt solution, to which a very 
little gamboge is added, but not so much as to give it 
colour. On heating the paper, the leaves and fore ground 
become green, and thus change the landscape from winter 
to summer. 

If the solution of cobalt contain other metals, and 
which is frequently the case, the colour of the traces, 
when dry, is not blue. If copper or nickel be present, 


they become green; and the last mentioned metal very — 
frequently exists in cobalt ores, and remains with it in — 


zaffre. It is necessary, therefore, if we wish a pure sym- 


pathetic ink, to remove the foreign metals. (See Nickel. )- 


The muriatic solution of zaffre, however, when it con- 


tains nickel, answers for the traces becoming green, so 


that there is no necessity for the addition of gamboge. 
Cobalt unites with other metals, but the alloys present 
nothing interesting. 
Cobalt is found in union with other metals. It has 
been detected in meteoric stones; but the principal ore 
is that with arsenic and sulphur, and from which it is 


usually obtained. In the different processes to which 
the ore is subjected, substances employed in the arts, 
under the names of zaffre and smalt, are formed, and — 


from which the metal itself may be procured. 
To prepare zaffre, cobalt ore, containing arsenic and 


— 


other impurities, is exposed to heat, Frid which a con- 


siderable quantity of vapour is given off. When these 


have ceased, it is removed, powdered, and a second time © 
heated, after which it is again reduced to powder, and 


mixed with that of flints. 

Smalt is procured by roasting zaffre with potashes for 
12 hours, and pouring it, when fluid, into water, by 
which it is afterwards more easily reduced to powder. 
It may also be obtained, by exposing to a strong heat, 
a mixture of cobalt ore, flints, and potashes, by which 
the previous preparation of zaffre is avoided. When 


¢ 
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‘properly formed, it is a blue vitreous substance, hence 
sometimes called azure blue. It is used for giving colour 
to glass and porcelain. When mixed in very small 
quantity with the former, it makes it of a deep blue, 4 
or 5 grains being sufficient to colour an ounce. It has 
the advantage of not being destroyed by heat, a proper- 
ty not possessed by other substances used for the same 
purposes. Smalt, when mixed with starch, forms dlue, 
used in washing linens, to prevent them from becoming 
_ yellow. 

Cobalt, in its metallic state, may be obtained suffi- 
ciently pure for most of the purposes 'to which it is ap- 
plied, by heating zaffre with three parts of black flux 
(burned cream of tartar) in a crucible, till fumes cease 
to come off. When required free from the metallic im- 
purities always existing in the ore from which zaffre is 
prepared, the muriate is decomposed by the salt call- 
ed oxalate of ammonia, by which a reddish precipitate 
of oxalate of cobalt is formed. When this is heated with 
black flux, it yields the metal pure. 


NICKEL. 


Tue ore called kupfernickel, found in different parts 
of Germany, was for a long time considered to belong to 
the copper family; but Cronstadt, in 1751, asserted that it 

contained a peculiar metal, to which he gave the name of 
nickel; an assertion at first disbelieved, but afterwards 
proved by the experiments of Bergman. 

Nickel, when pure, resembles silver in appearance. It 
is possessed of considerable malleability, and may be 
beat into plates of 1-100th part of an inch in thickness. 
Like iron, it is obedient to a magnet, and may itself be 
made magnetic, even though the most delicate tests can- 
not detect the slightest trace of iron in it. 

Its sp. gr. is from 8400 to 8932. Its atomic weight 
32.5. yee’ 
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It requires a-very high temperature for its fusion, the 
fusing point being above that of iron, and therefore at 
least 160 of W. 

It is not altered by exposure te air, but when KeatSt 
in contact with it, it undergoes various changes in colour. 
It at first becomes light yellow, then deep yellow, next 
of a violet colour, and lastly blue. It is difficult, how- 
ever, to oxidate it completely in this way. 


Oxids. 


Nickel unites with two proportions of oxigen, but very 
different statements have been given of the composition 
of the oxids. From the experiments of Proust, Tupputi, 
Richter, and others, the protoxid seems to be composed 
of 100 of metal to 27 of oxigen; while Dr ee 
makes it 

metal, 100 latom 32.5 
oxigen, 30 l atom 10 

This oxid may be prepared by the addition of an ads : 
kali to the solution of nickel in nitric acid. 

The other oxid may be obtained by passing chlorine ~ 
gas through water, holding the protoxid suspended in it, 
by which the chlorine, uniting with the hydrogen of the 
fluid, imparts more oxigen to the oxid, and converts it 
to peroxid. It appears to be a compound, containing 
once and a half as much oxigen as the protoxid ; but the 
experiments from which this conclusion 1s drawn, are dr. 
no means satisfactory. 

Like many of the metals in a high state of ouidnllons 
it is converted to protoxid by the action of acids. Thus 
sulphuric acid disengages part of its oxigen, and forms 
proto-sulphate, while with muriatic acid it liberates chlo- 
rine, so that it does not seem to form salts. Its action 
with ammonia is also peculiar. When thrown into its 
solution, there is a copious disengagement of nitrogen, 
owing to the excess of oxigen uniting with its hydrogen. 

Most of the acids act on nickel, and form nies of : a 
beautiful green colour. ; 
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_ This may be formed by the solution of the metal in di- 
luted nitric acid. It is of a rich green colour, and af- 
fords crystals by evaporation. On the addition of the 
alkalies and their carbonates, the oxid or carbonate may 
be precipitated. The action with ammonia is peculiar. 
When added to the solution, a bluish powder is 
thrown down, which changes in the course of a short 
time to red, and afterwards to violet. On adding the 
alkali in excess, the precipitate disappears, and hence the 
method of separating nickel from many other metals. It is 
evident, however, that it cannot be separated in this way 
from copper, for the oxid of it is also soluble in ammo- 
nia. ‘This is, however, easily done by bringing the am- 
moniacal solution back to the state of a salt, by the ad- 
dition of nitric acid, and then transmitting a stream of 
sulphuretted hydrogen through it, by which the copper 
only is deposited in the state of sulphuret, so that nitrate 
of nickel is left in solution. 


Ferro-Cyanate. 


Baereudiasinre of nickel is of a greenish colour. It 
may be formed by the addition of ferro-cyanate of po- 
tass to the nitrate ; and hence the use of this salt as a test 
of nickel, for by adding ammonia in excess, filtering, 
adding an acid, and then the ferro-cyanate, the green 
precipitate appears, if nickel is present: 

Nickel unites with other metals; but the alloys prescep 
nothing interesting. 

. Nickel is obtained by a very tedious process, from the 
ore commonly called speiss, containing chiefly nickel and 
arsenic. For this purpose it is dissolved in a mixture of 
nitric and sulphuric acid, by the aid of heat, by which 
sulphate and arsenate of nickel are formed, and held in 
solution. On evaporation, crystals of the former are de- 
posited, and by passing a stream of sulphuretted hydro- 
gen through the mother liquor, to throw down the arse- 
nic, more sulphate will be obtained by farther evapora- 
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tion. These, when dissolved in water, and mixed with 
carbonate of soda, afford a carbonate which is easily de- 
composed, by mixing it with oil, placing it in. charcoal, : 
and exposing to a red heat, (An. Ph. xiv.) 

The nitrate, when exposed to the oxi-hydrogen blow- 
pipe, also yields nickel. 

Nickel has been found in all the different specimens of 
native iron yet analyzed, and it has been detected in the 
different varieties of meteoric stones; a strong proof, as 
some suppose, that the former are also of the same ori- 
gin. The quantity varies from about 2 to 17 per cent. 
It exists also in the white copper brought from China, in 
union with copper, iron, and zinc, and which is supposed. 
to be obtained from a native production called white cop- 
per ore. The composition of the white copper, I have 
found to be copper 40.4, zinc 25.4, iron 2.0, and nickel 
31.6, (Ed. Ph. Journ. vii.) | 


CADMIUM. 


Capmium was discovered by Stromeyer in 1817, in 
an ore of zinc, which, from its becoming yellow. when 
heated, was supposed to contain iron. He has since 
found it in other ores of zinc, and it has been procured 
by Dr Clarke, and Mr iia a from those found | in 
this country. 

Cadmium is of a light grey pets Ripe tin in 
appearance. It has considerable brilliancy, and takes on 
a fine polish. It is of a compact texture, and is possess- 
ed of malleability and ductility. Its sp. gr. is 8600. 
Its atomic weight 70. y Lapate an 
It is fused at comparatively a low temperature, and ~ 
at about the boiling point of mercury, passes off in va- 
pour, which condenses unchanged in its properties in thie 
cool gas of the apparatus. i 
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Owid. 


When heated in contact with air, it is inflamed, and 
forms a brownish yellow oxid, composed of 
metal, 100 latom 70 
oxigen, 14.35 latom 10 
It does not suffer any change by exposure to an intense 
heat. When heated with charcoal it is decomposed, and 
the metal when reduced is volatilized. 
It is soluble in ammonia, but not in the fixed alkalies ; 
and as the latter dissolve oxid of zinc, hence a meihod of 
separating them when they exist in union with an acid. 


Salts. 


Cadmium is dissolved by the acids, and forms colour- 
less salts, which are decomposed by the fixed alkalies ; 
and hence a method of procuring the oxid. As thus pre- 
cipitated, it is white, owing to the presence of water. 
Ammonia in excess precipitates it, and then re-dissolves 
it. Sulphuretted hydrogen produces a change similar to 
that upon arsenical compounds, throwing down a yellow 
precipitate resembling orpiment. Ferro-cyanate of po- 
tass causes the deposition of a white powder. 

Cadmium is precipitated from its salts in its metallic 
_ state by zinc, and during its evaporation assumes a den- 
dritic appearance. On the contrary, when a piece of 
cadmium is put into a solution of a salt of gold, silver, 
copper, or lead, they are deposited by the cadmium de- 
priving them of their oxigen. 


Alloys. 


Cadmium unites with other metals; and forms brittle 
alloys, but there is no danger whatever of the compounds 
retaining this property, because, when sufficiently heated, 
they’ give off the whole of the cadmium. Hence, though 
brass is frequently made by exposing zinc ore to heat 
with copper and charcoal, it does not contain cadmium ; 
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indeed 1-100th part of it, if present, would deprive it 
completely of malleability and ductility. 

Cadmium is obtained. by dissolving the ore in sulphu- 
ric acid, precipitating by sulphuretted hydrogen, dissoly- 
ing the product in muriatic acid, and adding carbonate 
of ammonia; carbonate of cadmium is deposited, and 
from which the metal can be obtained in the usual ony, 
of reduction by charcoal. | curl 


CERIUM. 


A Swxpisu mineral, considered an ore of Tungsten, 
was by Berzelius found to contain a peculiar metal, to 
which he gave the name of Cerium; the planet Ceres 
having been discovered.a short time before. It has since 
been detected by other chemists, particularly in the 
mineral called Allanite, found in Greenland. - ‘5 
_ We are not acquainted with the properties of cerium 
in its metallic state, having been as yet obtained in very 
minute quantity. Its oxids are procured from the ores 
in which the metal has been detected. When treated 
with nitro-muriatic acid, and after neutralizing the ex- 
cess of acid, adding oxalate of ammonia to the solution, 
a white precipitate. is produced, which, when exposed for 
some time to heat and air, absorbs oxigen, and becomes 
per-oxid of a reddish colour. 


Salts. 


The oxids of cerium are soluble in acids, Somsinns salts 
having a sweetish taste, and easily decomposed by the 
alkalies. | 

The nitrate, on exposure to heat, leaves the red oxid. 

The sulphate of the protoxid has a slight reddish 
tinge ; the per-sulphate is yellow. | 

The muriate, when evaporated to dryness, and hhentall 
burns with a yellowish flame. These salts are not de- 
composed by sulphuretted hydrogen. ; 
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URANIUM. 


Uranium was discovered by Vauquelin in the mineral 
called Pitchblende, in which it exists along with other 
metals. ‘The process given by Thomson (First Pr.) for 
procuring it, consists in digesting the mineral in nitric 
acid, and after boiling to drive off excess of acid, preci- 
pitating the foreign metals by sulphuretted hydrogen. 
The solution, when filtered and boiled, is then mixed 
with ammonia, and the precipitate, after being washed, is 
digested in a strong solution of carbonate of ammonia ; 
a fluid is thus obtained, which yields yellow crystals of 
carbonate of ammonia and of uranium. On exposing 
these to a red heat, oxid of uranium is procured ; and by 
passing a stream of hydrogen over it, the oxigen is ab- 
stracted, and the metal left pure. 

Uranium is, according to Arfwedson, (Stock. Acad. of 
Sciences, 1822,) of a liver-colour, not altered by exposure 
to air, but when heated in contact with it, takes fire, and 
becomes oxid. 

It unites with two proportions of oxigen, forming a 
green or protoxid, and a peroxid, which seems to have 
acid properties. The first of these is obtained by the 
process of Thomson, already described, but the last has 
not yet been procured uncombined. 


S‘alis.. 


The salts of uranium contain both of the oxids, but 
it is difficult to procure a pure proto-salt, from the ten- 
dency which the protoxid has to pass to the state of per- 
oxid. They are, in general, of a yellowish colour, and, 
like other metallic salts, are decomposed by the alkalies. 
They also, however, sometimes enter into union with 
them, forming triple compounds. On the addition of 
ammonia to a per-salt, the peroxid is deposited in union, 
apparently with part of the alkali, forming a compound, 
in which the oxid seems to act the part of an acid. 
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SUVCRUVVEVEEDY 


The metals yet to be described differ from the pre- 
ceding in this respect, that they enter into union with — 
oxigen, and form acids, at least in so far, that they form _ 
salts by combining with the alkalies, earths, and metal- 
lic oxids. ‘They ought therefore, perhaps, to be brought 
in along with aciditiable bodies, but as they have not yet 
been satisfactorily established to belong completely to 
this class, I have thought pier to hai them to re- 
main with the metals. 


CHROMIUM. 


Curomium was discovered by Vauquelin in 1797 in 
an ore long mistaken for red lead, and in which it was 
found to exist united with that metal. It has since been 
detected in other minerals, but particularly in that 
lately discovered by Hibbert in the Shetland Islands, 
and now known by the name of Chromate of Iron. 

We are very little acquainted with chromium in its 
metallic state, having been as yet obtained in small icra 
tity, and of course not put to any use. 3 

It is of a whitish colour, similar to that of iron. Its 
sp. gr. 1s 5800. Its atomic weight 35. 

Its compounds, however, are valuable from the rich- 
ness and durability of their colour, and Conse ae from 
their: application i in the arts. a 


CoMPouNDS WITH OXIGEN. 


Chromium combines with three proportions of oxigen, — 
forming a green, or protowid ; a brown, or deutowid ; and 
an acid called chromic. 

Chromic Acid. 
Chromic acid is procured by dipeedas repens the 
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chromic iron ore with nitre, by which the metal is acidi- 
fied, and unites with the potassa, forming chromate of 
potassa; and by mixing this with nitrate of baryta, and 
then decomposing the chromate of baryta by sulphuric 
- acid, the sulphate of the earth is deposited, and chromic 
acid left in solution. By filtration and evaporation, ruby- 
coloured crystals may be obtained. 

Chromic acid unites with: salifiable bases, and. form 
salts called Chromates. 


= Deutoxid. 

Deutoxid was prepared by Dr Thomson, by digesting 

chromate of soda with alcohol, by which it changed from 
yellow to green, the chromic acid having become prot- 
oxid. By evaporation to dryness, and digestion’ with 
nitric acid, the residue assumed the appearance of the 
-brown or deutoxid, but supposed to be in union with 
soda. 


Protowid. 

Protoxid may be procured by the addition of tartaric 
acid to the solution of a chromate, by which the chromic 
acid becomes protoxid, and remains in solution combined 
with the acid, but can be thrown down by ammonia; in 
which state it isa light tasteless powder, containing, 
after being dried by a slight heat, 86.7 per cent. of water, 
or 1 atont of oxid to 26 of water, the largest number of 
atoms known to exist in any hydrate. (First Prin.) 

It is insoluble in water, but soluble in acids, forming 
salts. The muriate is soluble, and of a fine green colour. 
The sulphate is insoluble, but the colour is not so rich. 

The composition of these oxids has not been established 
by experiment; but partly from reasoning on the atomic 
proportions, and partly from the analysis of the chro- 
mates, Dr ‘Thomson has given the following as their con- 


stituent parts : 
Metal. Oxigen. Metal. Oxigen. 


protoxid, . 100° 28.5° 1 atom Jl atom ~ 
deutoxid, 100° 57.’ 1 atom~ 2atoms ~ 
chromic acid, 100 85.5 latom 3 atoms. 
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‘The only one of these compounds, of any interest, is 
the acid which forms, with some of the os bales, 
very important compounds. 


Chromate of Potass. . 

This salt is prepared by fusing chrome iron ore with 
half its weight of nitre, and dissolving the residue in wa- 
ter, adding nitric acid to saturate the excess of alkali, 
and crystallizing the undecomposed nitre by evaporation. 
The residual fluid, when poured off and evaporated, will 
yield crystals of chromate, of a bright yellow colour, so — 
intense, that a grain will give a yellow tinge to about 
40,000 of water. 

It is soluble in about twice its weight of cold water, 
and in any quantity of it at a boiling heat. . 

It is composed, according to Thomson, of 

acid, 52 1 atom 
potass, 48 1 atom, 
and is therefore anhydrous. 

It is easily decomposed by other re-agents; and hence 
the methods of preparing the different compounds of 
chromium. Its decomposition by nitrate of baryta, with 
the view of procuring chromic acid, has been ey 
noticed. 


Bi-chromate of Potass. 


When the solution of the chromate is acidifated with © 
sulphuric acid, it gradually deposits crystals of a rich 
red colour, and which, on analysis, are found to be 0i- 
chromate, part of the alkali having been abstracted by the 
sulphuric acid. 

It is soluble in about 10 of cold water, the achiy 
being of a deep orange colour. 

According to Thomson, it is composed of 

acid, 68.5 2 atoms 
potass, 31.5 1 atom. 

_ The properties of the other alkaline, and of pe earthy 
chromates, have not been examingd: 
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The metallic chromates are all formed by the decom- 
position of the chromate of potassa, and as they are of 
different colours, and not liable to change, they are much 
employed in dyeing and in calico-printing ; and hence 
the chief use of the alkaline chromates. 

- On adding a solution of nitrate, or of sugar of lead, to 
that of bi-chromate of potass, a rich yellow precipitate is 
formed, now much used in the arts under the name of 
chrome yellow, 2 of the nitrate by weight being requisite 
for the decomposition of 1 of the alkaline salt. 

_ The same powder may be formed by the addition of 
the salt of lead to the solution of the product obtained 
by fusing the ore with nitre, having previously saturat- 
ed the excess of alkali by nitric acid. 

When carbonate of lead is boiled with solution of bi- 
chromate of potass, a sub-chromate of lead, of a beauti- 
ful red colour, is produced ; or it may be obtained by a 
process recommended by Grouvelle, (An. de Ch. et de 
Ph. xix.) which consists in boiling the chrome yellow in 
solution of potassa, till it becomes of a bright red colour. 

This, according to Badams, (An. of Ph. 1825.) is a 
sub-chromate, composed of 1 atom of acid and 2 of oxid. 
It is recommended by him as a durable paint, and as a 
valuable dye-stuff. 

The yellow chromate is itself much used in dyeing. 

Chromate of potassa, with solution of nitrate of silver, 
gives a dark red; witha salt of mercury, a fine red; 
with salt of copper, a brown precipitate. 

Since chromate of potassa is thus so easily decomposed, 
and affords different colours with metallic solutions, it 
becomes a valuable substance in dyeing and calico-print- 
ing. 

Chromium is supposed to exist in the red ore in which 
it was discovered in the state of acid ; and in the common 
chrome iron ore, or chromate of iron, as it is usually 
called, it is, according to Thomson, in the state of deut- 
oxid, in combination with oxid of iron. It has been late- 
ly detected, also, in the grains of crude platinum, proba- 
bly in the same state as in the ore of Shetland. 
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MOLYBDENUM. 


‘luE mineral called molybdena, resembling plumbago— 
in its appearance, and long mistaken for it, was by Scheele - 
first found to yield a peculiar acid, afterwards shewn by 
Hielm to be acompound of oxigen and a metal, to which 
he gave the name of molybdenum. The process by which 
he succeeded in procuring it, consists in roasting the 
ore till it is reduced to the state of a very fine powder, 
dissolving it in aqua ammonia, filtering and evaporating 
the solution. The residuum, when digested with nitric ~ 
acid, becomes a white oxid, from which the metal is ob- — 
tained in the usual way, by exposure to heat with char- “ 
coal. | ? 

As:thus obtained, it is in the state of small grains, of | 
a silvery whiteness. Its sp. gr. is 8600; and its atomic ~ 
weight 60.: It is not fused even by the most intense tem- 
perature yet applied to it. 

When exposed to heat in an open cena it cduiisbel 
with oxigen, and is gradually converted to a white pow- 
der, which, by continuance of the heat, is volatilized. . » 


CoMPOUNDS WITH OXIGEN. 


Molybdenum unites with three proportions of rags ! 
forming a brown oxid, and two acids. : 


Molybdic Acid. 


Molybdic acid is obtained, as already mentioned, in ~ 
the first part of the process for procuring the metal, or 
by adding nitric acid to the ammoniacal solution of the 
roasted ore, by which it is precipitated. 

As thus procured, it.is in white scales, but’ which; 
when melted and sublimed, become yellow. — Iti changes . 
vegetable blues to red. | 


Molybdous Acid. 
Molybdous acid is:obtained by triturating in‘a‘mortar, | 
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with boiling water, a mixture of 2 parts of molybdic acid, 
and 1 of metallic molybdenum, by which a blue solution 
is formed. The whole is then boiled, filtered, and eva- 
porated, by a heat not exceeding 120, by. which the 
oxid is left in the dish. On repeating the process with 
the insoluble matter on the filter, more may be obtained, 
as the decomposition of the molybdic acid goes on very 
slowly. This oxid is also procured by boiling a mixture 
of molybdic and muriatic acids, evapogating to dryness, 
and exposing to heat, to expel any excess of the latter. 
In this instance the hydrogen of the muriatic must unite 
with the oxigen of the molybdic acid, to reduce it to the 
state of deutoxid ; of course, chlorine must be liberated. 

This compound possesses acid properties, and hence 
called molybdous acid. It is of a blue colour, soluble 
in water, reddens vegetable blues, and unites with bases, 
forming salts. 

Protowxid, 

According to Thomson, may be procured by dissoly- 
ing molybdic acid in ammonia, evaporating to dryness, 
exposing the residue to a white heat with charcoal, by 
which a brown powder is found lying at the bottom of 
the crucible, and which is the oxid. 

The proportions of these oxids have been given by 


Thomson, (First Pr.), 


Metal. Ox. Metal. Ox. 
protoxid, 100 = 16.6 LAG ib ate. tat 
molybdous acid, 100 33.2 Tats. 2 at. 
molybdic acid, 100 49.8 1 at... 3.ats, 

Sulphuret. 


Sulphuret of molybdenum may be obtained by expos- 
ing to heat a mixture of 1 of molybdic acid, and 5 of 
sulphur, by which the oxigen of the former is expelled, 
and sulphuret is formed. It is similar in its composition 
- and properties to the native ore, being, according to 
Bucholz, composed of | 

metal, 100 = 1 atom 
sulphur, 66.5 = 2 atoms, 
so that it is Bi-sulphuret. | 
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Salts. salle 

Both of the acids of molybdenum unite with the sali. 
fiable bases. 

Molybdates of the alkalies of lime, magnesia, ands co- 
balt, are soluble ; but those of the other earths, of iron, 
copper, tin, lead, zinc, mercury, manganese, silver, and 
platinum, are insoluble-—(Thomson, First Pr.) | 

The molybdates are easily decomposed by sulphuric, 
nitric, muriatic, phosphoric, arsenic, and chromic acids, 
so that they have a stronger affinity than molybdic 
acid for the bases. They are also decomposed by the ~ 
salts of those metals that have a strong attraction for — 
oxigen, by which molybdous acid is formed. Thus, a 
piece of zinc causes the solution to become blue, and proto- 
muriate of tin throws down a blue precipitate from the 
molybdate of potass. 

The molybdates of many of the metals are ineabibfig 
hence molybdic acid throws down precipitates from me- 
tallic salts, as from those of lead, mercury, and silver. 

Molybdenum and its compounds have not, as yet, been 
put to any use. “ 


TUNGSTEN. 


Tne mineral called tungsten was, by Scheele, ‘first 
proved to contain a peculiar acid in union with lime, 
and to which he gave the name of tungstic acid. ‘The 
same acid was detected by D'Elhuyar, in the German 
mineral called wolfram, in which it is united with iron, 
tin, and manganese. . 

When tungsten, consisting of tungstate of lime, is ex-. 
posed to heat with carbonate of potassa, tungstate of 
potass is formed, from which the acid may be precipitated 
on the addition of nitric acid. The same action takes. 
place with wolfram, when treated in a similar manner. 

Tungstic acid, when exposed to heat with charcoal, 
affords tungsten in its metallic state. 
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Tungsten is of a greyish colour, like that of iron. Its 
sp. gr. is 1740; its atomic weight, according to Thomson, 
1575. It requires for its fusion a temperature of about 
170 W. 


COMPOUNDS WITH OXIGEN. 


When heated in air it is oxidated, forming two com- 
pounds, an oxid and an acid ; the former of which is of 
a brownish colour, and is inflammable, uniting with the 
oxigen of the air, and forming tungstic acid. 


Tungstic Acid. 


Tungstic acid, procured in the first part of the process 
for obtaining the metal, is of a yellowish colour, insolu- 
ble in water, and requiring a most intense heat for its 
fusion. It does not redden vegetable colours. 

When hydrogen gas is passed over it at a red heat, 
water comes off, and a brown-coloured substance is left, 
which is the oxid. 

According to Berzelius, the composition of these com- 
pounds is, 

Oxid. Acid. 
tungsten, 86.2 1 atom 80.5 1 atom 
oxigen, 13.8 2 atoms 19.5 3 atoms 


Salts. 


' Tungstic acid unites with the bases, and forms salts 
called tungstates. Its affinity for them seems to be 
weaker than that of sulphuric, nitric, and muriatic, but 
stronger than that of phosphoric, arsenic, and chromic 
acid ; the three first decomposing the tungstates, while 
the three last have no effect on them. 

The tungstates of the alkalies are soluble ; but those 
of lime, baryta, strontia, alumina, iron, copper, lead, 
tin, zinc, mercury, manganese, silver, and cobalt, are 
insoluble; hence salts containing these metals throw 
down precipitates, when mixed with an alkaline tung- 
state, which are white, with the exception of those from 
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‘iron and cobalt, the former being yellowish, ‘the ‘latter 
of a pink colour.—(Thomson, F. Prin.) aldualt “Be 


TELLURIUM. 


TEvLiLvurivum was first noticed by Muller in a gold ore 
found in Transylvania. Its properties have since been — 
examined by Klaproth, Gmelin, Davy, and Berzelius. 
The process followed by Klaproth, for procuring it, con+ 
sists in dissolving the ore in nitro-muriatic acid, adding 
potassa in excess, which precipitates the metals, and 
keeps a compound of tellurium in solution. On the ad- 
dition of muriatic acid, a precipitate appears, which, 
when heated with charcoal, yields tellurium. HRY 

Tellurium is of a colour resembling that of lead, hav- 
ing considerable lustre, and a foliated texture. Its ‘sp. 
gr. is only 6000. Its atomic weight, deduced from the 
experiments of Berzelius, is 40. When heated in close 
vessels, it is melted at a temperature nearly the ‘same as 
that required for fusing lead, and at a little: higher 
heat, it is volatilized, the vapour condensing in minuté 
globules in the cool part of the apparatus: 


CoMPOUNDS witTH OXIGEN. 


When heated in contact with air, it burns with a blue — 
flame, tinged with green at the edge, and gives off a 
white smoke, which, when collected, is found to be a 
compound of the metal and oxigen, having the proper= 
ties both of an acid and oxid; hence it forms salts, by 
its union both with acids and oxids. | 

According to Berzelius, it is composed of 

metal, 100 1 atom : 
oxigen, 24.8 1 atom. | 

This oxid may be procured by the same process as 
that followed in obtaining the metal; indeed, the preci- 
pitate thrown down by muriatic acid from the alkaline 
solution, is oxid of tellurium. | | 
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Telluretted Hydrogen. 

Tellurium unites with hydrogen, and forms a gaseous 
compound, called telluretted hydrogen, discovered by 
Davy in 1809, (Ph. Tr. 1810.) 

It is prepared by first forming an alloy of tellurium and 
potassium, by exposing potassa, oxid of tellurium, and 
charcoal, to a red heat, and which, when put into a re- 
tort along with sulphuric acid, gives off the gas, the 
water in the acid affording oxigen to the potassium, and 
hydrogen to the tellurium. 

_ It is a transparent colourless gas, having a disagree- 
able smell, somewhat similar to that of sulphuretted hy- 
drogen. 

When heated in contact with air, it burns with a blue 
flame, generating water and oxid of tellurium. 

It is soluble in water, forming a claret-coloured solu- 
tion, which decomposes most of the metallic salts, throw- 
ing down precipitates from them. 

It unites with the alkalies, and affords compounds simi- 
lar, in many respects, to those containing sulphuretted hy- 
drogen, at least in their action with air, being easily de- 
composed by it. | 

According to Berzelius, it is composed of 

tellurium 100, hydrogen 3.1. 

and as 100: 3.1: : 40: 1.24, 
so that it may be considered to contain an atom of each 
of its ingredients. 


Sats or TERELLURIUM. 


. Tellurium is easily dissolved by acids, forming solu- 
tions which are decomposed by the mere effusion of water ; 
but if much be employed, the precipitate is re-dissolved. 
The,alkalies, and their carbonates, also throw down 
precipitates, soluble in excess of the precipitant, from 
which the acid properties of the oxid have been inferred. 
- The acid solutions of tellurium are also decomposed 
by those metals which have a strong attraction for oxi- 
VOL. II. I 
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gen, as zinc, iron, and tin, the tellurium being deposit- 
ed in its metallic state. Ferro-cyanate of potass does 


not cause any change *. 
wt 


TITANIUM. oe 


Tiranium was discovered by Mr Gregor, in a mi- 
neral found in Monachan, in Cornwall; but he did not 
succeed in procuring it in its metallic state. Klaproth 
afterwards observed it, in the form of oxid, in a mineral 
called red shorl, and Vauquelin first obtained it pure, 
since which, its properties have been examined by Lowitz 
and Laugier. It has lately been discovered by Wollas-. 
ton, in its metallic form, in the slag of the iron-work at 
Merthyr Tydvil, in Wales. , epeticlicatin i 

Titanium is procured from the mineral called titanite, 
by fusing it with potassa, washing the residuum, and dis- 
solving it in muriatic acid, and to the solution adding 
oxalate of ammonia, by which oxalate of titanium is de- 
posited. On exposing this to a red heat, the acid is con- 
sumed, and the oxid left, which Laugier endeavoured to 
reduce to its metallic state, by exposure to heat with 
charcoal, but the results were by no means satisfactory. 

We are indebted to Dr Wollaston, for what we know 
of the properties of titanium in its metallic form, (Ph. Tr. 
1823.) ‘I'he small cubes found in the slag of the iron- — 
work at Merthyr Tydvil, are, according to him, tita-— 
nium, very nearly in a state of purity. ss 

It has a colour similar to that of copper; is brittle, 
but extremely hard, so much so, as to scratch rock crys- 
tal. Its sp. gr. is 5300. It has not been fused by the 
most intense heat yet applied. When heated in contact 

ZZ 
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* From what has been said of the properties of tellurium, it appears to 
belong rather to the class of acidifiable bodies than to those forming bases- 
If future experiments establish this opinion, it will probably be classed 
along with sulphur, or those substances forming acids with oxigen, and 
with hydrogen. , 3 oe 
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with air, it is slowly oxidated, but the oxidation may be 
promoted by admixture with nitre. : 


Oxids. 


Titanium forms two oxids, a protoxid of a bluish co- 
lour, and which exists native in the mineral called ana- 
fase, and a peroxid supposed to be possessed of acid pro- 
perties. It is the last which exists in menachanite, and 
in red shor], the minerals in which it was discovered by 
Gregor and Vauquelin. It may be obtained by the 
process already mentioned, or by that followed by Rose, 
which consists in fusing red shorl, with carbonate of po- 
tass, dissolving the mass in muriatic acid, and precipitat- 
ing by ammonia. The precipitate, consisting of the oxid 
of titanium and iron, is then kept in a close vessel with 
hydro-sulphuret of ammonia, by which the iron is gra- 
dually converted to sulphuret, and by washing with mu- 
riatic acid is removed, leaving the oxid pure. 

It is white, but on being heated becomes yellow, re- 
gaining its whiteness on cooling. When laid on litmus 
paper, and moistened, the fluid becomes red, but the co- 
lour of the paper is not changed. | 

It is soluble in acids, forming solutions which yield 
precipitates on the addition of alkalies and their carbo- 
nates. 

It appears to enter into union with the alkalies, and 


form peculiar compounds, and hence it is supposed to 


have the properties both of an acid and a base. 


The acid solution of titanium is decomposed by some 
of the metals. Zinc, when immersed in it, gives the fluid 
a blue, and tin a rich red colour. 

It is decomposed. also by hydro-sulphurets, and ferro- 
cyanates, the former yielding a greenish, the latter an 
orange-coloured precipitate. | 

Chlorid.—W hen chlorine gas is passed over the cubes of 
metallic titanium, it is absorbed, and a compound form. 
ed, which is condensed in the cool part of the tube. Itis 
transparent and colourless, emits white fumes by expo- 
sure to air, and boils at a temperature below 212, When 
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touched by water, there is an immediate disengagement 
of chlorine gas, and muriate remains in solution. 
Wollaston attempted to form alloys of titanium, but 
without success. The atomic weight of titanium is, ac- 
cording to Thomson, 40, that of titanic acid 60. ere 


COLUMBIUM. 


"Ma Harcuetr, when engaged in the analysis of a mi+ 
neral brought from Massachussets, discovered a substance 
in the state of oxid, or rather of acid, and to the base of 
which, though he did not succeed in obtaining it, he gave 
the name of columbium. ‘Eckeberg shortly afterwards 
discovered a similar compound in the minerals named — 
tantalite and yttrotantalite, and which he proposed to — 
call fantalum. ‘These substances have, however, been — 
shown by Wollaston, (Ph. Tr. 1809.) to be the same ; he 
has therefore rejected the latter name, and retained that 
of columbium, given it by its original discoverer. 7 

We are indebted to Berzelius, (An. of Ph: viii.) for 
the first successful attempt to procure columbium in its 
metallic state. When any of the minerals containing co- 
lumbic acid is fused with carbonate of soda, and sul- 
phuric acid is added to the solution after filtration, a 
white powder is precipitated, which is columbic acid, — 
and which is reduced when exposed to an intense heat — 
with charceal. © | fai oni 

Columbium is of a dark grey colour, with considerable 
lustre. Its sp. gr. according to Wollaston, is 5600; but 
in his experiments it had not been melted, so that it is 
probably above this. When heated in air, it takes fire, 
and burns with a feeble flame. 

It is not acted on by nitric, muriatic, or nitro-muriatic 
acid ; but when fused with potassa, it is oxidated. It is 
also oxidated, or rather acidified, by fusion with nitre. — 


665 | Columbic Acid. a : 
Columbic acid, prepared by the process already de- 
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scribed, is a white, tasteless powder, very sparingly so- 
luble in nitric, muriatic, and sulphuric acids. It is easi- 
ly dissolved by potassa and its carbonate, forming a 
colourless solution, from which it is precipitated on the 
addition of an acid. 

The hydro-sulphurets, and ferro-cyanates, do not throw 
down any precipitate from the alkaline solution. 

The salts of copper, lead, zinc, mercury, manganese, 
and silver, produce a white flocculent precipitate. 

Berzelius, by an analysis of columbic acid, has fixed 
its proportions at | 

metal, 100 oxigen, 5.48. 
And Thomson, from an analysis of columbate of soda, 
prepared by fusing the acid and alkali, dissolving the 
product in water, and crystallizing, considers the atomic 
weight of the metal to be 180, which very nearly agrees 
with that deducible from Berzelius’s analysis of the acid ; 
for, considering it to contain an atom of each of its in- 
gredients, 
as 5.48: 100::10: 182. 

The columbic acid precipitated from its solution, is, in 
the state of hydrate, composed, according to Thomson, 
of 1 atom acid, and 7 of water; and the columbate of 
soda he found to consist of 1 atom acid, 1 atom soda, 
and 10 of water. : 


PART UL 


VEGETABLE CHEMISTRY. 


SECTION I. 


Au vegetables have a distinct form, and their internal 
structure is very delicate, but these vary in almost every — 
class. Notwithstanding this great diversity, they do not 
contain many ingredients ; indeed, with the exception of 
a few, their component parts are, oxigen, hydrogen, and 
carbon, along with which, some contain also nitrogen. 
There are also saline, earthy, and metallic matter, but 
which are in very minute quantity, and must not be 
considered essential ingredients, being derived from the 
soil; hence they differ according to the locality of the 
plant. | 

The elements contained in vegetable matter are deriv- 
ed from the soil, from rain, and from the air. By the 
living powers of the plant, they are made to enter into 
particular states of combination, and thus form the dif- 
ferent parts of vegetables, and the various principles 
they contain. 

The elements of the vegetable kingdom enter into 
union, so as to form what are called Vegetable Principles. 
Some of these are contained in all plants, while others are 
afforded by particular vegetables only. Some are dis- 
persed through the whole plant ; others, on the contrary, 
are confined to particular parts. 
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Before proceeding to detail the nature and composition 
of these, it may be proper to give a view of their general 
properties, by which a yan deal of useless repetition 
will. 61 saved. 


2 


PROPERTIES OF VEGETABLE Matter IN GENERAL. 


When vegetable matter, wood for instance, is subject- 
ed in close vessels to a heat, not very intense, water is 
given off. If the temperature be increased, its texture 
is destroyed; water, containing the acid of vinegar, hav- _ 
ing an empyreumatic odour, and mixed with a dark-co- 
loured oily liquid, is distilled over, along with a large 
quantity of gaseous fluid, consisting chiefly of carbonic 
acid and carburetted hydrogen. When these have ceased, 
charcoal is left, retaining the form of the wood, and con- 
taining a minute quantity of saline, earthy, and metallic 
matter. ri 

The substances disengaged during this process, are all 
the result of new combinations into which the elements 
have entered. Thus the water, or at least the greater 
part, is formed by the union of oxigen and hydro- 
gen, while the carbonic acid, and carburetted hydrogen, 
are produced by part of the carbon and oxigen, and of 
the carbon and hydrogen, having united. 

The application of heat to vegetable matter, consti- 
tutes what is called the destructive analysis, as in this 
way the proportions of the elements may be discovered ; 
for by collecting the products, and finding the quantity 
of each, the proportions of their constituents, and of 
eourse of those of the vegetable, are ascertained. 

When vegetable matter is heated in air, it burns, yield- 
ing carbonic acid and water, and it is ultimately consum- 
ed, leaving only a minute quantity of saline, earthy, and 
metallic ingredients. This forms another mode of ana- 
- lysis, at one time practised, though now given up, others 
more accurate having been introduced. 

When vegetable matter is subjected to the action of 
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water, some of its principles are dissolved, .and the solu- 
tion, on evaporation, yields a substance called Extract. 

The acids in general act easily on vegetable matter, 
the action depending on the acid employed. When ni- 
tric is used, there is a disengagement of gas, and the for- 
mation of other acids. If it be diluted, it is necessary — 
to apply a slight heat. Nitric oxid and carbonic acid gas 
are disengaged, and a transparent colourless solution is 
left in the retort, containing in general the acids called 
Oxalic and Malic. | 

When vegetable matter is put into sulphuric atid) it 
is instantly charred, and a dark-coloured solution is form- 
ed, which, when thrown into water, yields a black carbo- 
naceous precipitate. With the aid of heat, the vegetable 
substance is soon dissolved, and carbonic and sulphurous 
acids are disengaged, so that the carbon must take oxi- 
gen from the sulphuric acid. 

The action of some of the salts is interesting, as form- 
ing an excellent mode of analysis. That principally em- 
ployed for this purpose, is chlorate of potass. When it 
is mixed with vegetable matter, and exposed to heat in 
close vessels, water, carbonic acid, and occasionally car- 
buretted hydrogen, are given off, and if the salt has been 
used in excess, oxigen is also set free. 'This method of 
decomposition was first pointed out by Gay Lussac 
and Thenard, and practised by them in analysis with 
great success. In conducting it, the salt and vegetable 
matter are dried at a temperature not exceeding that of 
boiling water. They are then mixed in the proper pro- 
portions, put into the apparatus, and palyjecting to heat, 
the products being collected over mercury. The pro- 
portions of the gases disengaged being ascertained, and 
deducting from them the oxigen given off from the chlo- 
rate, a known quantity of which has been used, the ele- 
ments of the vegetable matter are discovered, phere 
Analytical Chemistry.) 

Instead of the chlorate of potass, peroxid of copper: is 
now generally used in the analysis. The vegetable mat- 
ter, mixed with the oxid, being placed in a glass tube, is 
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heated by means of a spirit lamp, and the gaseous 
fluid, asin the other instance, collected over mercury. 
Different forms of apparatus are used by different che- 
mists. Perhaps the simplest is that of Mr Cooper, (An. 
of Ph. N.S. vii.) That recommended by Dr Ure, is de- 
scribed in Ph. Tr. 1822. 

By this mode of analysis, Gay Lussac and Thenard 
have discovered the composition of a number of sub- 
stances, and they have also drawn the following conclu- 
sions :—_ 

1st, That when the vegetable has more oxigen than will 
form water with the hydrogen, it is acid. 

2d, When the oxigen is to the hydrogen in less pro- 
portion than will form water, the vegetable is oily, or Té~ 
sinous, or alcoholic. 

$d, When the oxigen and hydrogen are in such quanti- 
ty as to form water, the vegetable is neither acid, nor re- 
sinous, nor oily, but in the state of gum, starch, sugar, 
&e. 

Some exceptions to these general laws have, however, 
been noticed by Saussure (An. of Ph. vi.) and others. 

Vegetables also undergo spontaneous changes, by which 
their nature is completely altered, and new substances 
are formed. ‘This process is called fermentation, and is 
divided into three kinds, the vinous, acetouws, and putre- 
factive ; the first so called, because, during it, vinous or 
spirituous fluid is formed ; the second, because vinegar or 
acetic acid is produced ; and the third, because the vege- 
table undergoes putrefaction, being almost entirely dissi- 
pated in the form of gaseous products. 

~ Sugar is the substance that assumes the spirituous fer- 
mentation most easily, and by converting other bodies to 
the saccharine state, it causes them to undergo this 
change more readily. When sugar is dissolved in water, 
and a little yeast is added, the mixture soon becomes 
muddy; bubbles of gas rise through it, and it acquires a 
thick scum on its surface. When these have gone on 
for some time, the scum falls to the bottom, and the fluid 
again becomes transparent ; its properties are also alter- 
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ed; it has lost its sweetness, acquired a hot. basco 
pote and produces intoxication. . 

These changes are easily observed, by sialditecs a pose 
of sugar, with 6 of tepid water, and a little yeast, into a 
glass flask, so as to occupy about one-half of its capacity, 
adapting a bent tube to this, and carrying it under a jar, 
resting on the shelf of a water-trough. The gas; when 
examined, extinguishes combustion, and renders lime water 
turbid ; it is therefore carbonic acid. | 

When vinous fluids are exposed to the air, they be- 
come turbid ; their temperature rises, and a scum collects 
on the surface; but they soon again become. trans- 
parent, lose their grateful flavour and intoxicating 
quality, and acquire a sour taste. In this case, the pro- 
duct is vinegar, which contains acetic.acid as one of its 
ingredients. 

When the product of this fermentation is exposed to 
the atmosphere, the putrefactive process commences ; it 
becomes opake, acquires a disagreeable smell, and in the 
course of time, almost the whole of it is consumed, leav- 
ing only a little carbon and earthy matter. a 


Vinovus FERMENTATION. 


There are different circumstances necessary to cause 
the commencement, and favour the progress of vinous 
fermentation; such as, a certain quantity of water, a 


proper temperature, and in general, the addition of a body — 


called a ferment. ‘The temperature ought to be from 50 
to 80; when below the former, it goes on slowly; the 
nearer it is to the latter the better, but it must not be al- 
lowed to go beyond it, as the acetous fermentation is apt 
to begin. ‘The substance added to induce the change, 
called yeast, is the scum and sediment collected from 


liquids in which fermentation is going on, and which is 


supposed to act, by inducing the operation of affinities 
different from those by which the ingredients are held to- 
gether. 


Though exposure to air tavoune vinous fermentation, 
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it is not necessary, for if by any means the gaseous fluid 
which is generated, is allowed to escape, as in the expe- 
riment with the sugar, it goes on, though not so speedily. 
On the other hand, free admission of air, though it ex- 
pedites the process, weakens the product, by carrying a 
great deal of it off by evaporation. 

By vinous fermentation, are produced the different 
liquors possessed of intoxicating quality; they may 
be divided into two kinds, the vinows, obtained from 
the juices of plants, and the different kinds of deer, pro- 
cured from the infusion of seeds. 

. The process of making wine is very simple. From 
grapes there is expressed a juice called must, which con- 
tains sugar, jelly, and cream of tartar. When kept at 
about the temperature of 70, fermentation commences, 
and goes on with the usual phenomena; and after it has 
ceased, the liquor is put into casks, where it slowly de- 
posits the substance called ¢artar, which is composed 
chiefly of cream of tartar and the colouring matter of 
the wine. 

The colour of wine is communicated by the husks, 
which are mixed with the fermenting fluid, and the spark- 
ling wines, as champaign, derive this property from their 
containing a large quantity of carbonic acid, generated 
during the fermentation, the wine being bottled before 
this process is finished. 

Malt liquors, as the other kinds of fermented fluids 
are called, are obtained. from grain, for which purpose 
_ barley is used ; but before inducing fermentation in it, 
it is previously converted into malt. For this purpose, 
it is put into a large trough, and mixed with as much 
water as merely covers it, where: it remains for two or 
three days, the time depending on the weather; the warm- 
er the season, the less being required. Here it imbibes 
moisture, emits carbonic acid, and the water dissolves a 
little of it, particularly of the husk. This process is call- 
éd steeping. When completed, the grain is spread on 
the malt floor to about the depth of 16 inches, where it 
begins to grow warm, and it emits a pleasant odour, re- 


140 VINOUS FERMENTATION. 


sembling that of apples; it also becomes moister than 
before ; hence this stage of the process is called sweat- 
ing. When these have taken place, the roots of the 
grain shoot forth, and in the course of another day, the 
future stem, called acrospire, begins to appear. To put 
a stop to the farther progress of the changes that are 
going on, the depth of the grain is gradually diminished, 
till at last it is only about 3 inches deep, after which it 
is put into a kiln and subjected to heat, at first slight, 
but afterwards gradually increased, till it is sufficiently 
dried. By this last part of the process, the 2ermination 
is stopped, the malt is then put into wire sieves and sha- 
ken, by which the roots, or commings as they are called, 
which were formed during the first stage, are removed. 
Having procured malt, the next operation is to subject 
it to brewing, which consists of five parts, mashing, boil- 
ing, cooling, fermenting, and cleansing. 'The malt, after 
being bruised, is put into a mash tun with about an equal 
quantity of water at 180, and well stirred. After re- 
maining there for a few hours, the fluid is drawn off, and 
the process repeated, till the whole of the soluble matter 
is extracted. ‘The product called wort is a dark brown 
liquid, having a sweet taste, which it has acquired from 
the saccharine matter of the malt. It is pumped off into 
boilers, in which it is boiled for some hours, till it be- 
comes of the requisite strength, and which is known by 
the use of a saccharometer, (See Appendix, ) the sub- 
stance, during this stage of the process, being added, — 
which communicates the proper flavour. That employ- 
ed is hops, which contain an oily matter, and a bitter prin- 
ciple, both of which are extracted by the wort, and im- 
part their qualities to it. When the wort is properly 
boiled, it is drawn off into the coolers, large shallow 
troughs placed in apartments, in which there is a free 
ventilation. Into these it is poured to about the depth 
of three or four inches, so that it may cool as quickly 
as possible, and thus be prevented from becoming. 
sour. When cooled, it is run off into the fermenting 
vats or gyletuns, and mixed with the requisite quantity 
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of yeast, by which fermentation is induced; bubbles 
of gas come off, and a scum arises to the surface, the 
temperature at the same time increases, in general, from 
about 12 to 15 degrees: After it has gone on for 
a few days, it becomes languid, the wort and the froth 
collected on its surface are then well mixed, by which it 
again commences, and continues for some time; at last 
the fluid diminishes in the vat, owing to the air bubbles 
escaping from the froth. When it has arrived at this 
state, it is necessary to stop the fermentation, otherwise 
the scum would mix with the fluid, and not only give it 
a bitter taste, but cause it to become sour. It is there- 
fore drawn off into barrels, which are filled quite up to 
the bung hole. In these the fermentation again be- 
gins, by which a scum rises to the surface; and as they 
are always kept full, by occasionally pouring in a. little 
of the liquor, it works over, the scum is therefore thrown 
out, and thus prevented from mixing with the fluid, at 
the same time part of the yeast falls to the bottom, form- 
ing the dregs; hence this part of the process is called 
fining. When the fermentation has stopped, which is 
known by the froth ceasing to work over, the barrels 
are bunged, and are ready for the market. 

_ The process now described, is that followed in making 
ale and beer ; the brewing of porter is carried on in the 
same way, with this difference, however, that the malt is 
prepared in a peculiar way. It has been already said, 
that that used for ale is dried by the application of a 
slight heat. In making malt for porter, a much higher 
temperature is applied, by which it is slightly burned, 
so that the wort got from it has a dark colour, and a pe- 
euliar bitter taste *. | 

All vinous and malt liquors contain a quantity of spi- 
rit of wine, or alcohol, formed during the fermentation, 
which is the cause of their intoxicating quality, and which 


© Though porter may be prepared by the process described, it is well 
known that other substances are also used, which, though not absolutely 
necessary, add to its flavour and appearance. — 
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can be procured from them merely by distillation. Hence 
the mode of making whisky, rum, gin, brandy, and other 


spirituous fluids. . 
The substance generally employed in making whisky, 
is barley, but others are occasionally used, as sugar, 
molasses, carrots, turnips, &c. When grain is used, 
it is generally malted, as has been already described ; 
but it is occasionally employed in its raw state. Dis- 
tillation, as the making of whisky is called, consists of 
four parts, mashing, cooling, Jermenting, and distilling, 
the three first of which are carried on nearly in the same 
way as in brewing; the wort being obtained by mashing 
the malt, and then cooling it as quickly as possible; and 
after mixing it with the requisite quantity of yeast, mak- 


ing it undergo fermentation, by which the sugar it con- 


tains is gradually decomposed, and converted into alco- 
hol, or spirit of wine, by which the specific gravity of 
the fluid is diminished; it is therefore said to be attenu- 
ated. Spirit of wine has the power of stopping fermen= 
tation, so that when generated in too great quantity 
in the fermenting tun in proportion to the’ water; it 
prevents in a great measure the process from going on, 
consequently part of the sugar is not decomposed, and 
converted to spirit; it is of importance, therefore; to Keep 
the fluid weak. foes 
The liquid thus procured, called wash, is subjected to 
distillation as soon as the fermentation has ceased, other- 
wise it becomes. sour; :the distillation being continued, 
till the fluid which comes over is of the specific gravity 
of water, and which is known by the use of an arcometer, 
(See Appendia); what is left in the: still is called spent 
wash, and is used for feeding cattle. The liquid obtain- 
ed by the first distillation is termed Jowines ; it contains 
about a fifth part of its weight of alcohol. It is subject- 
ed to a second distillation or dowbling, and the proceés 
continued till the fluid is got of the requisite strength, 
which is by order of government 909, water being 1000. 
Tn carrying on distillation when the duty was levied 
according to the time the still was in use, it was neces- 
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say to put in a piece of soap, the oily matter in which 
rose, and spread: over the surface of the wash, and by 
breaking the large bubbles, prevented it from com- 
ing over, or running foul; and hence the disagree- 
able soapy taste that whisky had; besides, it contained 
more of a peculiar essential oil, derived from the malt. 
Distillers now pay duty according to the strength of their 
wash, and the quantity of spirit, taking care that the lat- 
ter is of the proper specific gravity ; hence it is that 
whisky is now far superior to what it formerly was, the 
spirit being distilled off more gradually, and bringing 
‘with it less of the substances that gave it the disagree-. 
able flavour. 

Gin, or Hollands, is always prepared by the Dutch. 
The wash employed is procured by fermenting a mix- 
ture of malt and rye, and after the fermentation is com- 
pleted, it is put into the still along with juniper berries, 
and the distillation:carried on in the usual way, by which 
a spirit is obtained having a peculiar flavour, derived 
from the junipers *. 

Rum is procured by subjecting to distillation, a fer- 
mented fluid prepared from the refuse in the operation 
for making sugar; the peculiar flavour being derived 
from an essential oil existing in the juice of the cane, and 
which is brought off by the spirit. The product of the 
distillation, which is repeated till it is of the proper 
strength, is colourless, but is afterwards coloured by the 
addition of a little burnt sugar. 

Brandy is obtained merely by distilling wine, of course 
its strength and flavour must depend on those of the wine. 
The distillation is performed in the usual way, by which 
a colourless spirit is procured, which is afterwards co- 
loured, by mixing with it some burnt sugar, and a si 
called Saunders wood. | 

From all these substances, alcohol, or spirit of wine, 


* The term ginis applied in London to a fluid, procured by the distilla- 
tion of whisky along with juniper berries and oil of supeitiae, while 
Hollands means the article prepared by the Dutch. 
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may be prepared. Whisky is employed in this country, 
and brandy on the continent. All that is requisite is to 
put the spirituous fluid into a still, and subject it to dis- 
tillation, till about one half comes over.. As thus pro- 
cured, it is not pure; it still retains a good deal of water, 
and an essential oil, from which it may be in a great mea- 
sure freed by repeated distillation from potashes, or from 
other substances having an affinity for water. 

For this purpose any quantity of common spirit of 
wine is poured on sub-carbonate of potass, which has 
been heated to redness, and allowed to cool to about 300. 
The water and carbonate combine, and form a solution 
which, being heavier than the spirit, falls to the bottom, 
so that the latter may be drawn off clear. By repeating 
this process several times, and at last redistilling either 
from a little of the carbonate, or from dried muriate of 
lime, the alcohol is procured of much less specific gravi- 
ty. By redistillation in this way, it is obtained, ies 
nearly free from water. 

When spirit of wine is kept in a bladder for, some 
time, or in a glass jar, the mouth of which is covered 
with it, the water gradually exudes through the pores, 
leaving the spirit much purer; and hence also a method 
of diminishing ifs specific gravity. 

It was at one time disputed whether alcohol existe 
ed in vinous fluids, or was the product, of the distillation ; 
but it has now been proved by the most satisfactory ex- 
periments, that the heat serves merely to separate the 
component parts, the alcohol, being the more volatile, pass- 
ing off in vapour. Thenard, for instance, has found 
that alcohol may be procured from wine by distillation in 
vacuo, and Brande has shewn, that it is separated by the 
addition of different re-agents without the application of 
heat. From his numerous experiments, Mr Brande has 
given a table of the quantity of alcohol in different kinds 
of vinous and malt liquors, (see Appendix.) 


| ALCOHOL. 
Alcohol is a transparent colourless fluid, having a plea- 
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sant odour and a pungent taste, and more powerfully in- 
toxicating than the fluids from which it is procured. Its 
Sp. gr. varies according to the mode of preparing it ; spi- 
rit of wine produced by the first distillation of whisky is 
about .860, but by a second it comes down to .835, which 
is the strength ordered by the pharmacopeia. _In this 
state, however, it contains a considerable quantity of water; 
and hence the necessity of submitting it to the different 
processes described, (p. 144.). Saussure and others have 
succeeded in procuring it of sp. gr. about 794 at 60; but 
even in this state it is supposed to retain a little water. 

Numerous tables have been given by Chaussier, Gil- 
pin, and others, of the quantity of alcohol of a certain 
sp. gr. in fluids of different strength, (vid. Appendix.) 
‘When strong alcohol and water are mixed, there is a 
condensation and consequent evolution of caloric, equal 
measures producing a rise of temperature of about 20 
degrees. A remarkable exception, however, to this is 
mentioned by Thenard, with respect to spirit of sp. gr. 
970, which, when mixed with an equal measure of water, 
gave a fluid of a density less, instead of greater, than the 
mean ; so that there must have been a rarification, and 
of course a reduction of temperature. 

Alcohol endures a very intense cold without congealing, 
having been subjected to the lowest temperature, yet ac- 
curately measured —91 without becoming solid. Mr Hut- 
ton has, however, asserted that he succeeded in freezing 

it, by exposing it toa cold of —110, but hehas not thought 
proper to state his method of producing the reduction 
of temperature, nor has his statement been confirmed by 
any other, (An. of Phil. 1.). 

Alcohol expands considerably by application of heat: 
According to Dalton, 1000 parts at 50, when raised to 
110, became 1039, and at 1070 or double the distance 
from 50, they became 1078, so trifling a difference from 
twice the increase in volume, that the expansion may be 
considered as nearly uniform; and hence, along with the 
low temperature to which it may be exposed without 
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congealing, its value in the construction of thermome- 
ters. 

Alcohol of sp. gr. 820 boils at 176, and when of 800° at 
173.5. When, on the contrary, the density is greater, 
the boiling point becomes higher. Jn vacuo, when of sp. 
gr. 815, it passes off at 56 in vapour, the density of which 
at 50 is 1613, compared to air as 1000. During the 
evaporation, a great degree of cold is produced, as is 
shewn by the simple experiment of covering the ball of 
a thermometer with a piece of muslin, dipping it in alco- 
hol, and whirling it in air, by which the temperature 
sinks below the freezing point. 

‘When exposed to a high heat excluded from air, it is 
decomposed, water, carbonic acid, and carburetted hydro- 
gen, being given off, while a little carbon is deposited in 
the tube through which it is transmitted. This experi- 
ment may be shewn by using the same apparatus as that 
for the decomposition of water, (p. 138. vol. i.), the al- 
cohol being put into the retort, A, and the gaseous mat- 
ter collected in the jar on the water trough; but before 
putting the end of the tube into the trough, it may be 
kept in a flask for some time, the inside of which will 
soon become dim from the deposition of moisture. 

When heated in contact with air, it burns with a feeble 
flame, but giving out considerable heat and no smoke ; 
and hence its use as a means of affording heat in carry- 
ing on operations on a small seale. For this purpose, it — 
is consumed on a cotton wick, in a lamp, made either 
of glass or brass, and to the neck of which a cap is fitted 
to prevent the waste of the spirits when not in use. The 
temperature necessary for the combustion is about 300, 
and the products are carbonic acid and water: and that 
this is the case, is proved by holding a bell jar over a 
spirit lamp, by which it soon becomes dim from the de- 
position of moisture; and by throwing in a little lime- 
water, it becomes turbid from the formation of cathaar 
of lime. 

These experiments are sufficient to shew that ie; 
oxigen, and hydrogen, are the ingredients of alcohol ; 
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and by this and other similar modes of analysis, the pro- 
portions have been determined with precision. Lavoisier, 
by burning a certain weight of it, and finding the con- 
sumpt of oxigen, fixed the proportions at 
28.5 carbon, ‘7.8 hydrogen, 63.7 water. 

_ The composition given by Saussure, (An. de Chim. 
Ixxxix.), is very different from this, and his results have 
been confirmed by other experimenters. His experiments 
were conducted by burning the alcohol, by passing it 
through incandescent tubes, and by the transmission of 
electricity through its vapour when mixed with oxigen. 
The average of his results gives the composition, 

carbon, 51.98 or 2 atoms 

oxigen, 34.32 1 atom 

hydrogen, 13.7 3 atoms. 


100.00 
In considering the composition of alcohol as given by 
Saussure, it is evident that the ingredients are just in pro- 
portion to form olefiant gas and water, for, uniting the 1 
of oxigen with J of hydrogen, there are left 2.of hydro- 
gen and 2 of carbon; so that, viewing it in this light, 
alcohol is composed of 
olefiant gas, 2 atoms, or 60.87 
water, 1 atom, or 37.13 


100. 

The sp. gr. of alcohol vapour, it has been already stat- 
ed, is 1613. Now, if we consider it composed of olefiant 
gas and watery vapour, it must contain not only equal 
volumes of these, but they must be compressed into half 
their original volume. In the first place, 

Weight of olef. Weight of water. Sp. gr. of olef. Sp. gr. of steam, 
60.87 : 39.13 :: 972 : 6248 
again, 972 + 6248 = 1596.8, 
not far short of 1613 ; in fact, this, it is more than pro- 
bable, is the real sp. gr. of alcohol vapour. 

_ This analysis is important as tending to an explanation 

of the changes that take place during the formation of 
K2- 
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alcohol ; and, of course, of the phenomena of vinous fers 
mentation. It will be afterwards shewn that sugar is 
composed, (see Sugar,) of an atom of carbon, oxigen, and 
hydrogen ; ; and, supposing it to be the necessary ar- 
ticle in the formation of the vinous product, the changes 
that have ensued are the disappearance of the sugar, and 
the formation of aleohol and carbonic acid. Gay Lussae, 
in accounting for the decomposition, (An. de Chim. xev.) 
gives the following as the composition of the substances 
before and after fermentation, multiplying the ingredients 
of the sugar by 3, so as to have the ihe in it and 
in alcohol the same. 


Atoms of In sugar. In alcohol. : In carbonic acid. 
carbon, 3 uO 2—15. Vee) GD 
oxigen, 3 == 30. 1—10. 1 = 20. 
hydrogen, 3—= 3.75 3= 8.75 
56.25 28.75 ; AHS. 


and 28.75 +- 27.5 = 56.25. 

So that, according to this view of the subject, the wag 
change effected on sugar during the vinous fermentation, 
is the resolution of it into alcohol and carbonic acid ; and 
the above table shews that 56} of sugar, should yield 
283 of the former, and 274 of the latter, supposing that 
there is no waste, but this is never to be expected in the 
common modes of conducting the process. 

Alcohol dissolves phosphorus, and the solution exhales 
the odour of phosphuretted hydrogen. From it the 
phosphorus is deposited on the addition of water. 

Most of the acids act powerfully on alcohol, but the 
results differ according to the proportions of the sub- 
stances employed. When a large quantity of sulphuric 
acid is used, the mixture becomes black, and olefiant 
gas is disengaged ; and hence the method usually fol- 
lowed in preparing it. 

For this purpose 2 parts, by measure, of sulphuric 
acid, and 1 of alcohol, are put into a retort; and, after 
shaking the vessel to mix the materials, heat is applied, 
by which a gaseous matter is disengaged, and may be 
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collected over water. It,is not, however, pure; it is 
mixed with a little carbonic acid, but from which it may 
be freed, by shaking it with lime water, or by using a 
lime water trough. Towards the end of the process, the 
mixture becomes thick, and froths up in the retort, and 
carbonic and sulphurous acids are disengaged; be- 
cause, at the high temperature at which the action is 
going on, the carbon deposited from the spirit, unites 
with part of the oxigen of the sulphuric acid. | 

If we consider alcohol as composed of olefiant gas and 
water, then the change effected on it by the sulphuric 
acid in this instance, is merely the abstraction of the lat- 
ter, for which the acid has a strong affinity, and the expul- 
sion of the former. But, besides these, there is a deposition 
of carbon, and fcrmation of other products, from part of 
the alcohol being resolved into its ultimate elements. 

When the acid is employed in less proportion, the ac- 
tion is different, the product being a transparent colour- 
less fluid, called ether ; but the properties of ethers will 
be described after having given those of alcohol, with 
other substances. 

Alcohol dissolves the alkalies, and forms solutions of 
a brownish colour. On the affinity between them de- 
pends the method of obtaining each, free from impurities, 
the former being deprived of its water by the addition 
of an alkali, (p. 144.), while the latter may be freed 
of its impurities by solution in alcohol. ‘The prepara- 
tion of alcoholic solution of ammonia, is a pharmaceuti- 
cal process. For this purpose the Edinburgh Pharma- 
copeeia orders | 
~ Quicklime, sixteen ounces. 

Muriate of ammonia, eight ounces. 

Water, eight ounces. 

Alcohol, thirty-two ounces. 
They are put into a retort, to which a receiver is adapt- 
ed; and, by the application of heat, the lime acting on 
the salt, disengages the ammonia, which coming off with 
the alcoholic vapour, is condensed along with it in the 
receiver. 

Alcohol dissolves many of the compound salts, while 
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it does not act on others.—A table of the salts soluble in 
it, is given in the Appendix. 

When to any alcoholic solution of a salt, not valid 
in water, water is added, there is an immediate precipi- 
tation, owing to the fluids uniting ; and the same also oc- 
cuts on the addition of alcohol to a watery solution of a 
salt not soluble in it. 

The solutions of some of the salts burn with a ‘peculiar 
flame. That of muriate of strontia is red; of copper, 
green. 

The action between alcohol and some of the metals, 
particularly platinum, is remarkable. When a small 
piece of thin platinum leaf, suspended by a wire, is heat- 
ed by a spirit lamp, and then quickly put into a glass, in 
which there is a little alcohol, so as to have it just over 
the surface, and of course in the vapour arising from it, 
it continues red hot, as long as there is any fluid in the 
jar, which is owing to the vapour undergoing a sort of 
combustion, and generating heat sufficient to keep the 
metal in that state. Hence the lamp without flame, 
which is merely a common spirit lamp, but hav- 
ing a spiral of platinum wire, about the thick- 
ness of the 1-50th part of an inch, placed round 
the wick, but not in contact with it. On kind- 
ling the spirit, the platinum becomes red hot, 
and on extinguishing the flame, the vapour coming off, 
keeps the metal ignited, so that, on applying a match, it 
kindles it, which also sets the spirit on fire. 

Dalton and Henry have shewn, that in this instance 
the same products are formed, as when the alcohol is 
burned ; in fact, it is merely combustion, but without 
flame. 
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The substances formed by the action of acids on aléo- 
hol are called ethers ; and to distinguish them from each 
other, the name of the acid by which they are formed, is 
added. Thus we have sulphuric, nitric ether, &e. 
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Sulphuric Ether. 


The preparation of sulphuric ether is a pharmaceutical 
process. The orders given in the Edinburgh Pharmaco- 
peia are, 

Take of alcohol and sulphuric acid, of each 32 ounces. 

Pour the alcohol into a retort, add the acid, and in- 
stantly proceed to the distillation, by placing the body 
of the retort into a sand-bath, previously heated; and 
having adapted a receiver, distil off 16 ounces, which will 
oceupy about an hour and a half. As the product con- 
tains a little acid and water, mix it with one-fourth of an 
ounce of caustic potass, and re-distil, till ten ounces are 
obtained. : 

If, instead of stopping the process in the first distilla- 
tion; when the requisite quantity of ether has been ob- 
tained, the receiver be removed, and another put in its 
place, on the continuance of the heat, a fluid comes over, 
having an etherial odour, but mixed with an oily-looking 
matter, called oil of wine. There is, at the same time, 
a disengagement of olefiant, carbonic acid, and sulphu- 
rous acid gases, and the mixture swells, and is apt to 
flow over. 

Sulphuric ether is a transparent colourless fluid, having 
a hot pungent taste, and strong fragrant odour, acting as 
a powerful stimulant to the animal frame. 

Its specific gravity, when pure, is 632; but it is sel- 
dom got so low as this, being in general about 730, or 
even 750, owing to adulteration with alcohol. 

It is very volatile, passing off quickly in vapour, even 

at a natural temperature. ‘The vapour is easily procur- 
ed, by throwing a little into a jar, covering it with a 
plate, and shaking it for some time, by which the whole 
of it disappears ; of course, the vapour is not pure, being 
mixed with atmospheric air. During the evaporation, a 
great degree of cold is produced, more particularly if 
the process be conducted in vacuo. If, for instance, the 
bulb of a mercurial thermometer, surrounded with mus- 
lin, be placed under the receiver of a pump, and after 
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exhausting, ether be allowed to drop on it, the cold ex- 
cited by the rapid evaporation, is sufficient to freeze the 
mercury. raat 

The specific gravity of the vapour is, according to 
Dalton, 3250; according to Gay Lussac, 2586. Its 
elasticity, of course, varies according to the ir eo 
( See Appendix. ) 

Ether congeals at —46°, and boils at about 98 ; but the 
boiling point varies according to its specific gravity 
When subjected to a strong heat, it is decomposed, car- 
buretted hydrogen and an oily fluid coming off, and car-~ 
bon being deposited. 

When heated in air, it burns with a white flame, car- 
bonic acid and water being generated, which may be 
shewn by the same process as with alcohol. The easy 
inflammability of ether, is beautifully illustrated by the 
application of heat to the mouth of the jar in which its 
vapour has been-formed by agitation; or, by pouring a 
little on a piece of white sugar, and throwing it into a 
- glass of warm water, the vapour is instantly given off, 

and may be kindled. 7 

Ether does not act with oxigen at a natural tempera- 
ture. When introduced into it over mercury, the 
elastic fluid is about doubled in its volume by the trans- 
mission of an electric spark; provided the oxigen is in 
excess, the mixture may be exploded, and carbonic acid 
and water are the results. Hence a method followed in 
the analysis of ether; and it has also been analyzed by 
transmitting its vapour through incandescent tubes. Dif. 
ferent statements have, Bhevtsvils been given of its com- 
position. aH 


Saussure. Ure. Thomson. ,ery 
carbon, " 67.98 60. 64.865 - 
oxigen, “ 17.62 26.66 21.622) ia 
hydrogen, - 14.40 13.34 - (18.513 + ing 


100.00. 100.00 ~—-100.000. 
Considering the last as correct, ether is composed. of | 
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er “ garbon, - 4 atoms, 
oxigen, 1 atom, 
hydrogen, | 5 atoms ; 
and if we suppose that 
oxigen, 1 atom, 


| hydrogen, 1 atom, 
are combined to form water, then there remain, 
hydrogen, 4 atoms, 
carbon, | 4 atoms, 
the constituents of olefiant gas. | 
Viewing it in this way, the composition may be stated 
to be, 
olefiant gas, 4 atoms, 
’ water, 1 atom ; 
but agippen is composed (p. 14'7.) of 
olefiant gas, 4: atoms, 
water, 2 atoms ; 
so that the only difference between them, is 1 atom of 
water. | 
If this view of its composition be correct, we can easi« 
ly account for the action during its formation,—the acid 
decomposing the spirit, and by its powerful affinity for 
water, removing one of its atoms, and setting the olefiant 
gas with the other free, in the state of ether. Be- 
sides these changes, however, others take place, such as 
the deposition of carbon, and the formation’ of an acid 
called sulpho-vinic, or oino-thionic, (os, wine, bos, sulphur.) 
formed by the re-action of part of the sulphuric acid on 
the elements of the spirit ; but this is altogether indepen- 
dent of that necessary for the formation of ether itself. 
Sulpho-vinic acid, formed during the action of sulphu- 
ric acid and alcohol, and aeteea particularly by Ser- 
tuerner, has, along with oid of wine, been lately made the 
subject of experiment by Mr Hennell, (Lond. Journal, 
xl.) According to him, oil of wine is composed of sul- 
phuric acid and olefiant gas, in the proportions of 2 atoms 
to 8. When heated, half of the latter is disengaged, 
and sulpho-vinic acid is left, composed of 2 atoms of sul- 
phuric acid, and 4 of olefiant gas, and which is in the 
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state that it unites with 1 bitten of a salifiable base, to form 
a salt. 

Ether does not unite readily with water. When ae 
en together, it retains 1- 10th of its weight of it, . 
and, at the same time, the alcohol which it may 
contain is removed; arid hence a mode of pu- 
rifying it. For this purpose, they are put toge- 
ther into a bottle, A, and shaken together for 
some time. On allowing it to stand at rest, the 
water falls to the bottom, and may be drawn | 
off at B; and by tfepeating the process several 
times, pouring in water at C, the ether is obtained pure. 

Ether dissolves sulphur and phosphorus. The ‘solu- 
tion of the latter, when poured over warm water, is lumi- 
nous in the dark. 

The action with chlorine is peculiar. When a tea- 
spoonful of it is thrown into a jar of the gas, previously 
rendered dry, and the mouth covered with a piece of 
wood, white fumes instantly appear, and, in the course 
of a short time, the ether is inflamed. 

Ether does not dissolve the fixed alkalies or earths; 
but it takes up some of the salts, as muriate of gold. Its 
use in gilding has been noticed, (p. 87.) 

_It acts with platinum exactly in the same way as alco- 
hol; its vapour keeping the leaf red-hot, and being con- 
verted into carbonic acid and water; but besides this, 
there is the formation of an acid, supposed at one time 
to be peculiar, but now known to be merely acetic, dis- 
guised by the presence of a little carbon and hydrogen, 
probably in the state of essential oil. 


Nitric Ether. 


Different methods have been proposed for preparing 
nitric ether, but they all depend on the decomposition of 
alcohol by nitric acid. When nitrous acid and alcohol 
are mixed, there is a violent action, accompanied with 
the disengagement of etherial fumes, and the heat gene- 
rated is sometimes sufficient to cause the mixture to be 
inflamed, so that great caution is necessary in conducting 
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fhe experiment. In the preparation of ether, equal parts 
of acid and alcohol are employed, and having put each 
into a phial, they are to be placed into a cold mixture. 
The acid is then to be added in small quantities at a 
time to the alcohol, taking care to cool after each addi- 
tion. When properly mixed, the whole is poured into a 
retort, and by the application of a very slight heat, as 
that of a spirit lamp, or warm water bath, the distillation 
is to be carried on till about half of it comes off, the va- 
pour being condensed in the usual way; but keeping the 
receiver cool by a freezing mixture *. Phe 
During the formation of nitric ether, a considerable 
quantity of gaseous matter comes off, consisting of car- 
bonic acid, nitrogen, nitric, and nitrous oxids. The- 
nard, therefore, supposes that both the acid and alcohol 
are decomposed, part of the oxigen of the former uniting 
with some of the hydrogen and carbon of the latter, to 
form carbonic acid and water, while, by the loss of oxi- 
gen, the oxids of nitrogen are evolved ; at the same time 
part of the acid, or of its elements, is supposed to unite 
with those of the spirit, to produce the ether. If this 
be the case, it is evident that its ingredients are the same 
as those of sulphuric ether, with the addition of nitro- 
gen. According to Thenard, they are in the propor- 
tion of 
Carbon, 28.45 
Oxigen, 48.52 
Hydrogen, 8.54 
Nitrogen, 14.49 
100.00 
Nitric resembles sulphuric ether in most of its proper- 
ties, but it is much more volatile, the heat of the hand 
being sufficient to make it boil. According to Thenard, 
ee Gees Pi a 


It has been recommended to wait for some days, before proceeding 
to distil ; but there is no necessity for this delay, provided the operator is 
careful in the application of the heat, which ought to be so regulated, as just 
to keep the fluid in a state of slight ebullition. 
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the boiling point is only 70. It is soluble in water, re. 
quiring about 48 parts to dissolve it. | 

- When heated. in air, it is inflamed, and carbonic acid. 
and. water are produced. fe 
_ When kept for some time, it undergoes decomposition, 
nitrous acid and the acid of vinegar being formed. 

In the Edinburgh Pharmacopeeia, a process is given 
Py preparing what is called the spirit of nitrous. ether, 
1 of acid, and 3 of alcohol, being employed instead of 
equal proportions, as in the preparation of the ether it- 
self. It is probable, that the product of the distillation 
is merely nitrous ether, with excess of alcohol. g 


M: ratte Ether.. j 


- Muriatic ether may be prepared by the distillation of : 
the acid and alcohol, or by distilling alcohol with muriate 
of tin: but perhaps the easiest mode of procuring it, is’ 
the transmission of a stream of chlorine through alcohol, 
employing the usual apparatus. The fluid, after being 
saturated with the gas, is then to be put into a retort, 
along with chalk, and distilled by a slight heat, by 
which the superfluous muriatic acid is taken up, and the 
ether, along with any excess of alcohol, come over to- 
gether but may be separated by washing with water, as 
already stated, (p. 154.) 4 

Muriatic ether is also transparent and colourless, vola- 
tile and inflammable. According to Robiquet and Co- 
lin, (An. de Ch. et de Ph. ii.) it is composed of muria- 
tic acid, with carbon and hydrogen, in the proportion 
forming olefiant gas. 

Ethers with other acids may be formed, but their pe 
perties have not been minutely investigated. 


AcETous FERMENTATION. 


Every substance which undergoes the vinous, may be 
made to pass into the acetous fermentation; there are, be- 
sides, many that seem at once to run into the latter, 
particularly those which contain much mucilage, and 
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little sugar. Alcohol, when pure, does not undergo ace- 
tous fermentation, but if it contain vegetable matter, a 
change takes place in it; hence the reason why wines be- 
come sour, and why weak do so sooner than strong ones, 
the former having little alcohol, and a good deal of vege- 
table matter, while the reverse is the case with the latter. 
Wine which has been deprived of its vegetable matter 
by clarification does not become sour, but if some of this 
be put in, acetous fermentation commences under favour- 
able circumstances. Certain things are necessary for this 
change taking place. The fluid must be kept at a par- 
ticular temperature ; between 60 and 80 is the best, but 
if it fall below 50, the fermentation stops. It must also 
be exposed to the air, otherwise it does not take place ; 
hence the reason why spirituous and malt liquors do not 
become sour, when kept in well corked bottles. The 
“presence of some substance that acts as a ferment is also 
necessary, which may be either yeast, or the sediment from 
a fluid that has already undergone the process. 

It appears that sugar is the essential ingredient in 
those fluids that undergo acetous fermentation, and the 
quantity of vinegar formed is to a certain degree in pro- 
portion to it ; thus, 7 of water and 1 of sugar, with a 
little yeast, form vinegar: if more be used, part is left 
undecomposed. : 

In those countries where grapes abound, vinegar is ge- 
nerally prepared from wine. In this island it is usually 
obtained from grain. ‘That from the former is reckoned 
not only the best, but least liable to decay, for, when 
prepared from the latter, it contains vegetable matter, 
which causes it to become mouldy; but this may ina 
great measure be prevented by boiling, by which the 
substance in solution is coagulated, and may be removed. 

In manufacturing vinegar from malt, a wort made 
in the usual way, by mashing it with water, after being 
mixed with yeast, which is put into barrels, and kept at a 
moderate heat for some weeks, during which it becomes 
sour, having previously passed through the vinous stage, 
and afterwards run into the second or acetous. Vinegar 
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is often made on a small scale, for which purpose sugar, 
or fruit, as currants or gooseberries, are mixed with wa- 
ter, to which there is added a little yeast. The whole 
is put into a cask, and kept ina warm room till it is 
known by the taste to have become sufficiently sour, 
after which it is bottled and corked, to prevent it from 
becoming mouldy. 

Vinegar, as usually obtained, is of a pale brown colour, 
having a pleasant odour and a sour taste, It contains 
water, glutinous, mucilaginous, and saccharine matter, 
and an acid not yet described, called acetic. (See Vege 
table Acids. ) ‘s 

During the progress of acetous fermentation, carbonie 
acid gas is disengaged, and it has been found that the 
oxigen of the atmosphere is at the same time consumed $ 
from which it has been inferred, that the carbon existing 
in the acid is emitted from the fluid undergoing the 
change, and unites with the oxigen of the air; and this 
seems strengthened by the fact, that the gaseous matter 
produced is equal in volume to the oxigen consumed. 
. The particular changes, however, that take place, by 
which alcohol or vegetable matter is converted to vinegar, 
have not yet been ascertained. , 

Vinegar is now manufactured on a large scale by sub- 
jecting wood to distillation, a process much practised for 
procuring that employed in the arts, as in the prepara- 
tion of the different salts containing it. For this pur- 
pose, wood is put into large cast iron cylinders, and heat- 
ed to redness, by which its elements are made to enter 
into a new state of union, and generate vinegar, which 
passes off in vapour, and is condensed in receivers; it is 
not, however, pure, it is mixed with tarry matter, but 
from which it is easily freed by repeated distillation. 
In this state it is called pyroligneous acid, (ave, fire, lig 
num, wood.) It is then a transparent colourless fluid, 
having a much sourer taste, but by no means the plea- 
_ sant flayour of common vinegar. : 
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PuUTREFAOTION. 


Almost every kind of vegetable matter is liable to un- 

dergo putrefaction ; certain circumstances are, however, 
necessary for the commencement of this process, as the 
presence of moisture and a proper heat. The substance 
first acquires a mould on its surface, it emits a disagree- 
able smell, and in the course of time is almost entirely 
consumed. ‘That moisture is necessary for the matter to 
putrefy is evident, for if it be subjected to a high tempe- 
rature, which drives off the watery part, it does not af- 
terwards suffer any change. The temperature to which 
it should be subjected to make it undergo the putrefactive 
process, must therefore be such as will not expel the 
moisture, and the admission of air also favours the de- 
composition ; the ingredients being dissipated in the form 
of new aeriform fluids. Many substances, however, par- 
ticularly those in which there is a large proportion of 
charcoal, are not consumed ; there remains a black mat- 
ter called vegetable mould, which, when excluded from 
the air, does not putrefy, but soon does so when exposed 
to it. 

Vegetable mould forms a principal part of the soil, 
and contributes in no small degree, when properly treat- 
ed, to vegetation, for which purpose the earth requires 
to be frequently turned up, to expose the mould, and al- 
low putrefaction to go on, by which the matter probably 
passes into that state, that it is easily dissolved by wa- 

ter, and is thus taken up by plants, and affords them 
nourishment. When this is not done, and when the ve- 
getable matter mixed with the soil is in large quantity, 
it collects, and forms peat and morass. 
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VEGETABLE PRINCIPLES. 


| 


Sucar. 


oh 


Turs substance, so familiar from its general use, has 
been long known, but it was not till after the discovery. 
of America that it was introduced to Europe as an ar- 
ticle of food. It is generally obtained from the juice of 
the sugar cane, consisting of water holding sugar. dis- 
solved in it, a mucilaginous matter, and an essential 
oil, and along with these there are pieces of the cane 

and leaf, and other impurities, all of which it is the ob- _ 
ject of the processes to which it is subjected to remove. — 
The juice extracted by passing the cane between rollers; 
after being brought to a boiling heat, is mixed with slak- 
ed lime, with the view of neutralizing any acid. that 
may exist in it, after which the clear fluid is drawn off 
into evaporating basins, and evaporated. as quickly as 
possible, the scum being removed as it rises to the 
surface, and the boiling continued, till it becomes of 
such consistence. that it will crystallize on cooling. 
It is then poured into wooden troughs, where it 
deposits small crystals, surrounded. by a_ brownish 
fluid. The crystalline mass thus obtained is put into 


hogsheads, in the bottom of which there are a number 


SUGAR. | 161 


of small holes, and placed over a large cistern, which is to 
collect the molasses or treacle that drops through ; after it 
has dripped for two or three weeks, it is nearly dry, in 
which state it is imported to this country, under the name 
of muscovado or raw sugar. : 

Raw sugar contains impurities, from which it is freed 
by the process of refining, practised almost always in Ku- 
rope. For this purpose, it is dissolved in lime water, 
and after being brought to a boiling heat, has bullock’s 
blood mixed with it, which being instantly coagulated, 
entangles the foreign matter, and is skimmed off as it 
rises to the surface ; at the same time, the lime neutra- 
lizes any acid that may have been left in the preceding 
process. After this it is filtered through blankets, and 
boiled down to the proper consistence, and, when cold, 
is poured into unglazed earthen vessels, of a conical 
shape, with their smaller ends down, and having a hole 
in them, stopped with a plug of clay, but which, after 
the evaporated juice has become solid, is removed, and 
the unconsolidated part is allowed to drip through for 
some hours ; a piece of wet clay is then put on the upper 
or broad end, the water of which passes through the 
sugar, and carries out the impurities, the process being 
repeated till the whole is removed... When the claying is 
finished, the sugar is hardened, by heating it in a stove- 
room, and is then called loaf or refined sugar. It some- 
times also undergoes a second, or even a third purifica~ 
tion, and is then called double or triple refined. 

' Sugar, when pure, is white, and when crystallized, is 
semi-transparent. Its specific gravity, according to Has- 
senfratz, is 1100. When two pieces of it are rubbed to- 
gether in the dark, they become luminous at the point, 
of contact. © | ; 
* When ‘subjected to heat in close vessels, carbonic 
acid, carburetted hydrogen, and a weak acidulous fluid, 
are given off, and charcoal is left; so that its com-) 
ponent parts are the same as those existing In vege-. 
table matter in general; but different statements have 
been_given-of its. composition, + the analysis having been. 
VOL. II. L 
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conducted by heating it with chlorate of potass, and with 


oxid of copper. ie following are the results of © , 

. ahi Thenard. Berzelius. Prout. | 

carbon, ART 44,2 39. 99 ; 

oxigen, 50.63 49. 53.83.02) 14 
hydrogen, 6.9 6.8 — 6.66 
10.000 100.0 99.98 


We may consider that of Prout as correct, because it, 
is the only one that accords with the atomic doctrine. If 
so, the proportions are, 

carbon, latom, 17.5 
oxigen, 1 atom, 10. 
hydrogen, Il atom, 1,25 


The atom of sugar being 18.75 . 
Sugar is not altered by exposure to a dry atmosphere ;, 
but in a damp one it absorbs moisture. When heated in 
air, it fuses and swells; and if the temperature be high, 
takes fire, and burns with considerable violence. 

Sugar is soluble in water, requiring only its own weight. 
for solution. At a boiling heat, the water of crystalliza-, 
tion is sufficient to dissolve it. The solution, when. 
strong, is thick and viscid, and is called syrup. 

Sugar is decomposed by acids; the results differ=. 
ing according to that employed. When nitric acid is 
poured on it, there is an effervescence, and disengage- 
ment of nitric oxid, and hence one method of preparing; 
this gas; but it is necessary to use it diluted with 
an equal quantity of water, to moderate the action-. 
When the gas ceases to come off, the’ fluid in the retort. 
gradually deposits crystals of owalic acid, and by the eva-, 
poration of the supernatant liquor, malic acid is obtained. , 

Sugar unites with the alkalies, and the taste is in a 
great measure destroyed ; but by the addition of an acid, 
the latter may be neutralized, and the former obtained, 
apparently unchanged 1 in its properties. 

Sugar is soluble in alcohol, but not in large quantity. 
According to Lewis, it requires 12, and according to. 
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Maargraff, 16 parts, ata boiling heat, to dissolve it; the 
solution, when its temperature falls, depositing crystals... 
Sugar is obtained from other sources than those already 
mentioned ; beet-root, carrots, turnips, parsnips, figs, and 
grapes, yield it, and it is also procured, in considerable 
quantity, from the mapple-tree. 
_ Sugar may be formed, also, by the action of diluted 
sulphuric acid on starch, and other vegetable substances, 
and it is produced, in considerable quantity, during the 
process of malting. It is a remarkable fact, also, that it 
is formed during a certain state of the human body, as 
in those labouring under diabetes mellites, the urine yield- 
ing, by evaporation, the saccharine principle similar in 
its properties to common sugar. 

The uses of sugar, as an article of food, are well 
known. It is employed largely as an antiseptic, as in mak- 
ing jellies and conserves. It enters into the composition 
of some varnishes, and it is an ingredient of ink, and of 
those pigments which have a fine lustre. It has lately 
been recommended by M‘Culloch for preserving fish; 
for which purpose, the fish is merely rubbed over with it, 
and then hung up to dry. 


Gun. 


Though there are many varieties of gum, the diffe. 
rence seems to depend, in a great measure, on foreign 
admixture. That yielded by the acacia arabica, called 
gum arabic, is the purest, and from it, the properties of 
gum have been ascertained. It exudes in a liquid state 
from the trees, either spontaneously or from incisions 
made in the bark, and becomes hard by exposure to air., 

It is usually in small irregularly formed pieces of pale 
yellowish and brown colour, having a slight degree of 
transparency and lustre. It is brittle, when cold, so that 
it can be easily reduced to powder. Its sp. gr. varies 
from 1316 to 1490. _ 

When exposed to heat in air, it softens and pia 
but does net melt, and if the heat be continued, a gaseous 

L& — 
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fluid is disengaged, and the whole of it is consumed, ex- 
cept a minute quantity of white ashes, consisting of cars 
bonate and phosphate of lime. When heated in a retort, 
the products are water, carbonic acid, and carburetted 
hydrogen, leaving charcoal and the earthy salts. . 
_ We are eaebiel to Thenard and Berzelius for the 
most accurate analysis of gum. 


Thenard. Berzelius. 
carbon, 42,23 41.9 
oxigen, 50.84: 51.3 
hydrogen, 6.93 6.8 


' That of Berzelius is perhaps nearest the truth, for by’ 
a. a very slight alteration the ingredients will be found to 
bei in atomic proportion. ‘They are probably, 


carbon, 39.47, or 5 atoms = 37.5 | 
oxigen, 52.63, or 5: do, <== 50; 
hydrogen, 7.9, or 6 dows hS 
100.00 
if so, the atomic weight of gum is 95. 


- Gum is very soluble in water; the solution called mu- 
cilage is viscid, and when the gum is in considerable 
quantity, is thick, and adhesive. When exposed to the 
air, it acquires a mould onits surface, but in well corked — 
phials, it may be kept long without undergoing any 
change; even in these, however, in the course of time, a 
little acetic acid is generated. Chlorine passed a 
the solution causes the formation of citric acid. 

The diluted acids dissolve gum, but when concentrat- 
ed, ‘they. decompose it. -When nitric acid is poured on 
it, an acid called mucic is formed, but by the continuance 
of the action, oxalic and malic are produced. : 
“Sulphuric acid causes gum to become black from the 
disengagement of part of its carbon, at the same time wa- 
ter and acetic acid are generated. 

‘The alkalies. and allenlirié earths dissolve it; and on 
the addition of an acid it is deposited unchanged. —~ ° 

Of the earths, silica seems to act most easily with it. 
When silicated potass is. added to very weak mucilage, a 
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white precipitate appears; hence the use of this re-agent 
as a test of gum. o 

- Gum has no action with metals. It produces changes, 
however, on some of the metallic oxids. From solution 
of nitrate of mercury mucilage throws down a white, 
from per-sulphate of iron a brown powder, but the 
salt that acts most easily is sub-acetate of lead, which 
occasions a white curdy precipitate ; and hence also the 
use of the solution as a test of gum. | 

When mucilage is added to salts of antimony, bis-. 
muth, and tin, there is no precipitation, shewing that 
gum has the power of keeping their oxids in solution, for 
water alone causes the decomposition of these metallic 
salts. 

It is insoluble in alcohol; hence, when alcohol is 
mixed with mucilage, the gum is deposited, owing to the: 
strong attraction existing between the fluids. 

It combines with sugar. The fluid obtained by boil- 
ing them together in water, yields, on evaporation, a sub- 

stance, which, when treated with alcohol, leaves gum, and 
gives an alcoholic solution of sugar, but apparently 3 in 
See bination with some of the gum. © 

Besides gum arabic, there are others which, though 
they differ a little from it, yet resemble it in most of their 
properties. These are, cherry tree gum, and the mucila- 
ginous matter obtained by decoction from lintseed, marsh 
mallow, bulbous roots, some species of fuci, and lichens, 
and many others. : 

The substance called tragacanth is different in many. 
respects from common gum. When mixed with cold 
water, it softens, and swells considerably, but is not dis- 
solved. Warm water seems to dissolve a little of it, but 
the solution does not yield a precipitate on the addition 
of silicated potass. ‘The mucilaginous matter formed by 
the action of water is not adhesive like that of gum, for 
pieces of paper besmeared with it do not adhere. It is 
supposed that pair ie contains a rte °c) ppenciple 
ealled CErasin. 
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Gum is also formed by the action of certain re-agents 
on vegetable matter. When the dried. sawings of the 
horn beam are boiled with diluted sulphuric acid, sul- 
phurous acid is disengaged, the mixture becomes black, 
but after filtration and neutralization of the excess of 
acid by lime, yields, when evaporated, a substance pos~ 
sessing all the properties of gum. Hemp cloth, also, when 
treated in the same way, affords it, which, when boiled 
with sulphuric acid, is converted to sugar and a peculiar 
acid. Hence one of the processes alluded to (p. 163.) for 
procuring sugar. For this purpose 4 of rags are tritu~ 
rated with 34 of acid; the solution, after being diluted, 1s 
boiled, then saturated by carbonate of lime, filtered, and 
evaporated, by which the saccharine matter is obtained. 

Gum is used chiefly for suspending substances In wa- 
ter; hence its use in dyeing, and in ink-making, and, for 
the same reason, it is employed in medicine, with the 
view of keeping oily or resinous matter in suspension in 
water. 


Fecuta or STARcH. 


“When any farinaceous substance, as wheaten flour, is 
put into a muslin bag, and subjected to the action of a 
stream of water, it is separated into two parts; a tough 
whitish substance, which remains in the cloth, and a white 
powder suspended in the fluid, and deposited when kept 
at rest. The former is called gluten, the latter fecula or 
starch. Besides these, there is.a little rmaucilaginoua mat- 
ter held in solution. 

Fecula, as thus obtained, is a light white powder, Ses. 
titute of taste and smell. When heated, it becomes soft, 
and swells, and if the temperature be high, it takes fire, 
but does not burn with much violence. When heated till it 
begins to turn yellow, its properties are completely alter- 
ed ; it is changed to a substance resembling gum in some 
ef its properties, being soluble in cold water, and giving 
a mucilaginous solution. It differs from it, however, in 
not yielding mucic acid, when treated with nitric acid. 
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‘This substance is now used by calico printers, under the 
name of British gum. (An. of Ph. V. xvi.) | 

When fecula is heated in a retort, it yields the usual 
products along with a little acid, at one time called pyro- 
mucous, but now known to be merely acetic, disguised 
by empyreumatic oil, so that the ingredients are the 
same as those of the principles already described. The 
latest analyses are by Gay Lussac and Berzelius. 


Gay Lussac- Berzelius. 
carbon, 43.55 43.481 
oxigen, 49.68 48,455 


hydrogen, 6.77 7.064 


~ Fecula is insoluble in cold water, but warm water 
easily dissolves it, and if the quantity be considerable, it 
forms a thick transparent solution, which gelatinizes on 
cooling. If little starch be employed, the water, when 
cold, still holds part of it dissolved, but gradually de- 
posits it. The solution, when kept for some time, ac- 
quires a mould on its surface, and becomes sour, and ac- 
cording to Saussure, (Ph. Tr. 1809.) is completely alter- 
ed in its properties, being converted to sugar, gum, amy- 
line, starchy lignin, and lignin mixed with charcoal, the 
gum being similar to that obtained from starch, by the 
application of heat. 

Amyline is procured from the decomposed starch, by 
first washing it with cold, and then dissolving the resi- 
due in boiling water. The solution is transparent and 
colourless, and on evaporation yields a semi-transparent 

‘matter, insoluble in alcohol, but soluble in water. It is 
precipitated by sub-acetate of lead, and it gives a blue 
precipitate with iodine, a property possessed also by 
starch. 

Starchy lignin is obtained from the insoluble residue 
of the former process, by washing it with alcohol and di- 
luted sulphuric acid, and then with a weak solution of 
potassa, the last of which dissolves it. By the addition 


168 VEGETABLE PRINCIPLES. 


‘of sulphuric acid, it is precipitated of a dark colour, and; 
like amyline, becomes blue when mixed with iodine... 

Fecula unites very easily with iodine, and forms with 
it a compound of a blue colour called iodid, or toduret of 
starch. It may be formed by triturating them together, 
or by mixing their: solutions, avoiding an excess of 
starch, which re-dissolves the precipitate. From the ease 
with which iodine and starch unite, they are employed as 
tests of each other. (See Iodine.) : 

The acids act on starch in very nearly the same way 
as on gum. Nitric, either concentrated or diluted, 
slowly dissolves it in the cold ; but. when heat is applied, 
there is a decomposition,.and formation of oxalic acid, 
nitrous acid fumes being given off. 

When thrown into strong sulphuric acid, it is char- 
red, and when the quantity of starch is considerable, the 
mixture becomes almost solid, from the deposition of carbon. 
When the acid is diluted, the fecula is dissolved, and by 
particular management may be converted to sugar, as 
was first noticed by Kirchoff, a Russian chemist, when 
endeavouring to change it to gum. The process con- 
sists in boiling it for about 36 hours, in four times. its 
weight of .water, acidulated with about 100th part of 
sulphuric acid, adding water occasionally, to compensate 
for loss by evaporation. After the boiling is finished, 
the acid is neutralized by lime, the solution filtered and 
evaporated, by which a saccharine mass resembling com- 
mon brown sugar is obtained, and which undergoes 
vinous fermentation, and yields a spirituous fluid without 
the addition of yeast, in this respect differing from com; 
mon sugar, (Nich. Journ. 33.) If the process be stop- 
ped before the sugar is formed, a considerable quantity 
of gum is found in the solution. Ssin iat 

This process has been investigated by Saussure, who has 
shewn that the sugar obtained is by about 1-10th great- 
er in weight than the starch employed ; and De la Rive 
has proved, that the air has no share whatever in its for- 
mation, the action going on in close vessels, and that the 
sulphuric acid is not changed in its properties. From 
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the analysis by Saussure, it appears that in the product 
there is a larger proportion of oxigen and hydrogen than 
in the fecula itself, from which he has concluded, that 
to convert starch to sugar, all that is necessary is to cause 
it to combine with water or with its ingredients, in such 
proportion as to form it. 

The alkalies dissolve fecula, and form a transparent 
solution, from which acids precipitate it apparently un- 
changed in its properties. 

Watery solution of starch is not affected by that of 

lime, strontin, or silicated potass, but baryta water oc- 
easions a white flaky precipitate. 
- It is precipitated also by sub-acetate of lead, but not 
by any other metallic salt. When starch and sub-nitrate 
of lead are digested together, they combine, and form a 
compound, which, according to Berzelius, is composed of 
72 fecula, 28 oxid of lead. 

Fecula is insoluble in alcohol and in ether; of course, 
its watery solution is decomposed by the addition of al- 
cohol. 

Fecula is contained in a great many vegetables, parti- 
cularly in the seeds and roots of those employed as food, 
as in the different kinds of grain, rice, peas, beans, and 
potatoes; the pith of several trees also contains it. Sago 
prepared from the pith of some palm-trees, salop from 
the roots of the orchis, cassava from the jatropha mani- 
hat, and arrow-root from the maranta arundinacea, are 
composed almost entirely of it. All of these are prepar- 
ed in the usual way, by subjecting the substances from 

which they are procured to the action of water, as al- 
ready described i in the process for obtaining fecula from 
flour. 

Fecula is sneer in baking, (see gluten,) and in 
‘giving stiffness to cloth, for which purpose starch, either 
from wheaten flour or from potatoes, is generally used. 
In preparing starch, wheat, after being bruised, is kept 
in cold. water for about a fortnight, where it under- 
goes a slight fermentation, generating a little acetic 
acid, by which the impurities are dissolved. It is then 
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imixed with water, till the pulpy matter becomes so thin, 
that it can be passed through a hair sieve, by which the 
husks are removed, and the filtered fluid allowed to re- 
main at rest, till the starch is deposited. It is not, how- 
ever, pure; it is therefore again treated in the same way, 
and afterwards put into boxes, having the bottoms per- 
forated, and lined with linen cloth, through which the 
water passes, and leaves the starch behind, When it 
has become of sufficient consistence, it is cut into cakes, 
and dried by a stove, during which they taint and 
form the small irregular pieces. 

The process followed in the preparation of starch from 
potatoes, 1 is nearly the same ; indeed, all that is necessary 
is, after removing the skin, to bruise them, and, having 
put them into a coarse bag, to knead them in water, by 
which the fecula passes through, and is obtained by 
subsidence. | 


GLUTEN. 


In the preparation of fecula from grain, the residue 
left in the bag is gluten. It is a soft viscid substance, 
tenacious, elastic, and very adhesive, having a fibrous 
texture, and a faint peculiar odour. 

When exposed to a dry air, it acquires a brownish 
crust on its surface, and is covered with a thin film of 
an oily-looking matter, and ultimately becomes hard 
and brittle, resembling a piece of glue. In a moist at- 
mosphere it swells, and undergoes putrefaction, emitting 
an offensive odour, and, at the same time, acetic acid 
and ammonia are formed. 

When subjected to heat in air, it is ‘nila’ giving 
off the smell of burning feathers. In close vessels. it 
yields carburetted hydrogen, an empyreumatic oil, and 
carbonate of ammonia, leaving charcoal in the retort. 

When gluten is kept in water, the fluid becomes 
opake, and films are suspended in it, which may be 
removed by filtration ; but it still holds dissolved a sub- 
stance precipitated by heat, by chlorine, and by some 
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wietallic salts. This is supposed to be merely gluten 
kept dissolved by a little acetic acid, generated during 
the decomposition. When, instead of immersing gluten 
if Water, it is kept merely moistened, it swells, emits an 
offensive odour, and carbonic acid and carburetted hy- 
drogen are disengaged. 

These changes shew, that, like other vegetable bodies, 
gluten contains oxigen, hydrogen, and carbon; but be- 
sides the usual products, it yields also ammonia, so that 
it must, in addition to these, contain nitrogen, in this 
respect differmg from the principles already described, 
but no particular analysis has yet been made of it. 

- The acids act on gluten, the action differing according 
to the acid, and its state of dilution. When nitric acid 
is poured on it, and heat applied, it is slowly dissolved, 
at the same time, however, undergoing decomposition ; 
for if the action be carried on in a retort, nitrogen gas is 
given off. The fluid left contains oxalic and malic acids. 

Sulphuric acid chars it, and carburetted hydrogen, 
carbonate of ammonia, and acetic acid, are formed. 

Weak alkaline fluids dissolve it by the aid of heat, 
and from the solution a precipitate is thrown down, by 
the addition of an acid, but which is not gluten. If a 
strong solution of alkali be employed, ammonia is 
_ formed, and a soapy compound is produced. 

The action of metallic salts with gluten has been but 
little examined. According to Bostock, water in which 
it has been immersed, affords a precipitate with acetate 
of lead and nitrate of mercury. 

- When gluten is kneaded with successive portions of 
alcohol, till the fluid poured off ceases to become turbid 
on the addition of water, it is, according to Taddey (An. 
of Ph. xv.), separated into two principles, one of which 
only is taken up by the spirit. That dissolved he has 
called gliadine, (from yaz, gluten), the other z¢mome, 
(from Coun, a ferment.) 

 Gliadine is obtained by the evaporation of the alcoholic 
solution. It isa brittle semi-transparent substance, of ayel- 
lowish colour, and having the odour of honey-comb. It is 
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softened, but not dissolved, by cold water. When heated, 
it burns with a lively flame, leaving charcoal. It is dis+ 
solved by acids, and concentrated alkaline fluids. Its: 
alcoholic solution becomes milky on the addition of wa- 
ter, and the alkaline carbonates precipitate white flakes. 
It undergoes, of itself, vinous fermentation, and excites: 
it in other bodies. hdl Me 
Zimome, the insoluble matter left after removing the 
gliadine from gluten, is a hard, tough substance, of an 
ash gray colour, but becoming brown on exposure to air. 
When thrown on hot coals, it emits the odour of burning: 
horn. It is dissolved by the acids, and with potassa forms 
a kind of soap. It excites various kinds of fermentation 
according to the vegetable matter with which it is mixed. 
When treated with gum guiacum, it assumes a rich blue 
colour, and hence this is used as a test of it; and by which 
it may be discovered in other vegetables than gluten. 
For the success of this process, however, the presence of 
air is necessary, the action seeming to depend on the ab- 
sorption of oxigen. Aa Re, 
When describing the phenomena of fermentation, it 
was mentioned that the action of a substance called a fer- 
ment is necessary, and which, it is supposed by some, is. 
similar in many respects to vegetable gluten. Artificial 
Jerment may be prepared by causing any substance, such 
as grain, to undergo vinous fermentation; by which a 
frothy mater rises to the surface, and is skimmed off. This 
is sold under the name of yeast or barm, and is now em= 
ployed with the view of exciting fermentation, particu- 
larly by bakers. It has been found to have many of the 
properties of gluten; and that gluten is, or at least con- 
tains, the principle which excites fermentation, seems to 
be proved by the experiments of Taddey, just related. 
Gluten is contained in greatest quantity in wheat, 
and from which it is usually obtained. According to 
Beccaria, wheaten flour contains about 1-12th, and if we 
take into account the water imbibed during its prepara- 
tion, it yields about 1—4th of its weight of it. Davy, how- 
ever, states, that the proportion varies in different kinds, 
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the North American yielding most. In his experiments, 
it was from 19 to 24 per cent. 

. Gluten is found in other substances, though in sittall 
quantity, as in barley, rye, peas, beans, chesnuts, and 
‘many others. It does not, however, exist in potatoes, 
which yield such a large proportion of fecuda. 

Gluten, from its close resemblance to the principles of 
the animal kingdom, is supposed to be very nutritious. 
From the changes which it so easily excites in other bo- 
dies, it is employed largely in brewing and distilling, 
(see p. 138, 140.) and also in the making of dread. 

The substances used in baking are, wheaten flour, 
water, yeast, and salt, the proportions varying in differ- 
ent places, according to the temperature, the quality of 
the flour, and the quantity to be baked. The yeast ne- 
cessary for a sack, (32 pecks,) is in general about 3 pints 
(English) and 4 pints of water to each peck. The pro- 
portion of salt depends in a great measure on the taste of 
the baker. In general the yeast, with the salt, and about 
half of the water and flour, are first mixed in a wooden 
trough, and kept in a warm place, during which the glu- 
tinous principle in the flour, being acted on by the yeast, 
begins to undergo fermentation, becoming sweetish, and 
disengaging carbonic acid gas, the greater part of which, 
owing to the adhesive quality of the mixture, is prevent- 
ed from escaping ; it therefore causes it to swell, and be- 
come spongy, hence the product is called by bakers a 
sponge. Having been kept for. about 10 or 12 hours in 
this situation, it is put into a trough, and mixed with 
the remainder of the flour and water, by which the 
fermentation is stopped, but it again very soon com- 
mences. ‘The substance thus formed, called dough, is 
kept in the trough for about an hour, during which the 
fermentation proceeds, carbonic acid gas is again gene- 
rated, and being retained, causes the mixture to swell 
considerably ; but at this stage, it is necessary to put 
a stop to the process, otherwise the product would be- 
come sour. The dough is therefore cut into loaves of 
the requisite size, and exposed to heat in an oven, for 
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about an hour, by which part of the moisture is expélleds; 
and the fermentation ceases. 

The late experiments of Dr Colquhoun, (An. of Ph. 
N. S. xii.) prove satisfactorily, that the changes that ens 
sue during the conversion of flour into bread, are the 
same as those produced by vinous fermentation ; indeed, 
from bread alcohol can be obtained by distillation, and 
hence it is, that if the process be carried on too long, the 
acetous stage is apt to commence. | 
_ Those substances which have little or no gluten, do 
not answer for making bread, because, as it is it that occa-) 
sions the fermentation, and consequent disengagement of 
gas, the product is not at all porous. A certain degree: 
of porosity may, however, be communicated, by mixing 
these with others that contain it. 

Besides the substances already described as existing in: 
grain, another has been mentioned by Proust, called hor- 
dein, and which can be obtained merely by washing off 
the fecula from starch, by means of boiling water, (An. 
de Ch. et de Ph. v.) It is this which is supposed by him 
to undergo a change during the process of malting, and’ 
give rise to the formation of saccharine matter; but be- 
sides it, the gluten is also changed, as the following table 
of the composition of grain, before and after malting, 
will shew. | 


in 100 of barley. in 100 of malt. 
resin, i 1 
gum, mE 4 15 
sugar, : 5 15 
starch, mE eee » tet aaa 
gluten, ws 3 1 
hordein, =< De 12 
Wax. 4 


Wax, though prepared by bees, is undoubtedly of ves, 
getable origin, and seems to be formed by some change 
which saccharine matter undergoes. As usually procur- 
ed, it has a yellowish colour, and a pleasant odour, but 
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it may be deprived of these by the process of purifica- 
tion, consisting merely in exposing it, in thin plates, to 
the action of the air and sunshine, by which it is 
completely bleached. In this state, its specific gravity 
is about 960. When heated, it melts at about 155; 
and before it becomes fluid, passes through different de- 
grees of consistence. When the temperature to which it 
is exposed is high, it takes fire, and burns with a bright 
flame, yielding carbonic acid and water. 

Lavoisier endeavoured in this way to find its composi- 
tion, and Gay Lussac and Thenard, and also Dr Ure, in 
the result of whose experiments more reliance is to be 
placed, have analysed it by means of chlorate of potass, 
and peroxid of copper. The following is the composi- 
tion given by them. 


Thenard. Ure. atoms. 
carbon, 81.784 80.69, or 13 = 80.41 
oxigen, 5.544 7.94 - 1 = 8.26 
hydrogen, 12.672 11.37, - 11 = 11.33 


Dr Ure thinks it not improbable, that it may contain 
1 atom more of hydrogen than has yet been detected in 
it; and if so, its ingredients will be in proportions, to 
form 12 atoms olefiant gas, and 1 of carbonic oxid. 

Wax is insoluble in water. 

The acids act with little energy on it. 

The fixed alkalies dissolve it, forming saponaceous 
compounds, which are insoluble in cold, but soluble in 
warm water, and from the solution the acids precipitate 
the wax, little, if at all, altered in its properties. 

Water of ammonia, when slightly heated, also dissolves 
- wax, forming a kind of emulsion, from which the greater 
part of the wax separates as it cools. 

Wax is insoluble in cold, but soluble in warm alcohol, 
which takes up about 1-20th of its weight. ‘The solution 
is transparent and colourless, is decomposed by water, 
and deposits the greater part of the wax as its tempera- 
ture falls. 

- When wax is digested in a large quantity of alcohol, 
it is, according to Dr John, separated into two substances, 
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which he calls cerin and myricin, the former being taken 
‘up, while the latter remains undissolved. © cH 

Cerin is of the consistence of wax, and specifie gravity 
1000; it melts at a temperature between 108 and 140: 
It is insoluble in water; but alcohol and ether, by the 
aid of heat, dissolve it. yi | 

Myricin is of sp. gr. 900. Its consistence and melt- 
ing point are nearly the same as those of cerin. It is in- 
soluble in water, alcohol, and ether. ; 

Ether does not dissolve wax in the cold; but when 
the temperature is raised, it takes up about a half of its 
weight of it, the sala part of which it deposits on 
cooling. 

Besides bees wax, there are others eactnde directly 
from vegetables themselves, of which the most” common 
is myrtle wax, the produce of the myrica cerifera. To 
obtain it, the berries are bruised and boiled in water, by 
which the wax is melted, and, collecting on the surface, 
is skimmed off, and instantly passed through cloth, to 
free it from Impurities. It is then bleached in the same 
way as common wax. 

_ Myrtle wax, though it differs slightly in its colour and 
fusibility from common Wax, resembles i it in its other pro- 
perties. - 

Wax is likewise found on the u pper surface of the 
leaves of some trees; and it exists also in the substance 
called white lac. 

Wax is principally employed for affording light. The 
superiority of wax over tallow candles, depends on the 
former not being so fusible, and hence requiring a small- 
er wick. In the latter, the matter melted by the heat 
is much greater ; a large wick is therefore necessary for — 
drawing it up, which being placed in the centre of the 
flame, is excluded from the air, and is not consumed ; 
unless, therefore, it is frequently removed, it obstructs a 
great deal of the light. ‘The small wick of a wax can-— 
dle, on the contrary, is sufficient to draw up the melted 
_ matter; it obstructs less light, and, though excluded. 
from the air by being surrounded by the flame, yet, when 
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it becomes long, it bends, and thus the end getting with- 
out it, is consumed, so that it does not require to be 
snuffed. 

Wax is likewise employed in taking casts and moulds, 
fer which, from its softness when a little heated, it is 
well adapted. It is also a principal ingredient in some 
kinds of luting, (see Resin.) 


OILs. 


Oils are divided into two kinds, the fixed or unctuous, 
and the volatile or essential. Before proceeding to de- 
scribe the properties of these, it may be here remarked, 
that oleaginous matter exists also in the animal kingdom, 
the general properties of which are the same as those 
from vegetables; so that the account here to be given 


will apply to both. 


, Fived or Unctuous Orls. 


The fixed oils, of which there is an immense variety, 
are generally fluid, but of a thickish consistence, and 
unctuous feel, leaving a greasy stain on paper, and 
which cannot be removed by heat alone. They are some- 
times colourless ; occasionally of a greenish or yellowish 
colour ; and, when pure, semi-transparent, and with very 
little smell. They differ, but not much, from each other 
in specific gravity. Olive oil is 913 ; palm oil 968; the 
others being intermediate. 

They do not boil till heated to about 600, at which 
they pass into vapour, but not without suffering a slight 
decomposition ; for, during the ebullition, water, acetic 
acid, and carburetted hydrogen, are given off; a little 
carbon is deposited, and the residual fluid is of less 
density and less viscid than before. . 

When oils are kept for some time, they become ran- 
cid; they thicken, acquire a sour taste, and the property 
of reddening vegetable ‘blues, occasioned, according to 
Scheele, by the decomposition of mucilaginous matter, 
which they always contain. | 
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When oil is exposed to air, it absorbs oxigen, and gra-’ 
dually increases in consistence, till at last it becomes 
solid. Some oils, when dry, are opake, others are trans- 
parent, and, if spread thin on paper, acquire a resinous 
lustre. To the former, called fat oils, belong those from 
lintseed, nuts, poppies, and hempseed; to the latter, 
termed drying, olive oil, oil of almonds and of rape- 
seed. 

That the thickening of oil is owing to the absorption 
of oxigen, has been proved by numerous experiments ; 
lintseed oil, when spread on paper, having been found to 
imbibe not less than twelve times its weight of it. Un- 
der certain circumstances the absorption goes on so ra- 
pidly, that the heat generated is sufficient to cause com- 
bustion. When, for instance, tow or cloth is soaked in 
oil, and heaped together, its temperature very soon rises, 
and it at last takes fire. Hence the necessity of being 
cautious in throwing aside tow or other matter which has 
been used for cleaning the oily parts of machinery, as 
instances have occurred of fires being occasioned in this 
way. | | 
When oil is heated to a proper temperature in air, it 
is kindled, and burns with a yellow flame, emitting the 
usual products, carbonic acid and water. For complete 
combustion, the heat must be more than sufficient to 
convert it to vapour; and, for the purposes to which it 
is usually applied, it isin general accomplished by means: 
of cotton, the temperature excited by the combustion of 
which sets it on fire. (See Combustion.) 

When the oil is passed in vapour through incandescent 
tubes, it is decomposed, the product consisting of hy- 
dro-carbons, -with a little carbonic acid and water. 

All of these experiments prove, that oil contains the 
usual ingredients ; and the analysis of olive oil by Guy 
Lussac and Thenard, shews it to be composed of 


carbon, ‘77.213 10 atoms 
oxigen, 9.427 probably 1 atom 
hydrogen, 13.360 11 atoms.” 4) 4% 


Now, if we suppose that the oxigen is in union with th 
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hydrogen, composing water, the remaining ingredients are 
in proportions to form olefiant gas; so that the compo- 
sition may therefore be thus stated ; 

olefiant gas, 10 atoms 

water, 1 atom. 

Oil is insoluble in water. When mixed with it they 
seem to unite, but, when kept at rest, they soon separate, 
each assuming the situation allotted to it by its specific 
gravity. 

Oi] dissolves sulphur and phosphorus, forming a solu- 
tion from which the inflammables are deposited in the 
crystalline form, by evaporation. That of the latter is 
luminous in the dark, when exposed to the air; and 
hence it may be rubbed on the hands or face, to cause 
them to become phosphorescent, and without injury. 

Oilis decomposed by acids, the results differing accord- 
ing to that used. By the action of nitric acid, a whitish 
substance is formed, from which, if heat be applied, nitric 
oxid is disengaged. Sulphuric acid instantly renders oil 
black, from the deposition of charcoal, and sulphurous 
acid is set free. 

Alkalies act very easily with oil, and the action is im- 
portant, as by their union the useful article soap is form- 
ed, the quality of which differs according to the alkali it 
contains. When solution of any alkali and oil are mix- 
ed, a saponaceous compound is formed, which is held in 
solution by the water ; and the same also occurs even with 
the alkaline carbonates. 

_ The substances used in the manufacture of soap, vary 
according to the kind to be made. For the finer white 
soap, olive oil and soda are employed. ' Common white 
soap is prepared from tallow and soda, instead of which, 
pot-ashes and sea salt are sometimes used; and yellow 
soap is made of these and resin. When oil is mixed with 
soda, the soap is in general. hard, but with potass it is 
soft ; if, however, sea salt be added to the latter during 
its preparation, it makes it. of the same hardness as the 
other, the potass uniting with the muriatic acid of the 
salt, and setting free ‘the soda, which acts on the oil. 

ros 
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When, then, owing to the expense of kelp and barilla, or’ 
to other circumstances, soda cannot be procured, potass: 
and sea salt are employed. 

In making common soap, the alkaline matter, say kelp 
or barilla, is dissolved in water, and mixed with lime, 
which, by uniting with the carbonic acid, and forming an 
insoluble: compound, sets the soda free; the solution, 
after being drawn off, is evaporated to the proper consist-. 
ence, in which state it is called a ley, and is ready for re- 
ceiving the oil. The tallow, after being melted, is pour- 
ed into it, and the whole is boiled so as to cause them to 
unite. The fire is then extinguished, and the materials 
left at rest for some time.» Sea salt is next added, and. 
heat again applied, and more alkaline solution put in 5. 
and in this way the process is carried on, till the whole 
of the materials is used, the watery part being drawn 
off as it is separated from the soap; at. the same time. 
the boiling is continued, till it becomes of the proper 
consistence, after which it is poured into the frames to 
harden. 

It has been said that sea salt acts, when potass is saan 
by its being decomposed, and liberating soda ; it serves, 
however, another purpose. It is supposed to combine 
with the watery part, and remove it from the soap, which 
thus becomes sooner hard, and consequently the process 
is considerably shortened. If potass be used without the 
addition of sea salt, the soap formed does not become 
hard ; and hence the method of making soft soap. The 
oil generally employed is that of lintseed, hemp, or rape. 
It is mixed with astrong alkaline solution, obtained from 
potashes and lime, and after being thoroughly incorpo- 
rated, the mixture is boiled till the soap becomes of the 
proper consistence. 

Soft soap is usually of a brown colour, is much stronger 
and more acrid than the other. When well made, it is 
of the consistence of thick paste, and should be entirely 
soluble in water, forming a white froth, It is re 
chiefly for scouring woollen stuffs. 

Common yellow soap is.made with the. stati an 
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cured from kelp or barilla,) and tallow, to which, after 
they are sufficiently mixed, melted resin, and occasion- 
ally a little palm oil, is added. The subsequent parts 
of the process are the same as has been already de- 
scribed, 

Soap prepared by any of these processes, does not pos- 
sess either the corrosive quality of the alkali, nor the. 
greasiness of the oil ;. water, when pure, dissolves it, but 
if it contain an earthy salt in solution, it is not dissolved, 
but decomposed. Hence the cause of the hardness of 
‘water, which is owing in general to the presence of a salt 
of lime, by which the earth unites with the oil of the 
soap; and forms an insoluble compound. If we attempt 
to dissolve it in hard water, white flocculi are formed, 
and it has a disagreeable feel ; hard water does not there- 
fore answer for washing with. The hardness of water 
may in a great measure be removed, by boiling it for 
some time, and by the addition of carbonate of an alkali, 
which, by the decomposition of the earthy salt, prevents 
its action on the soap; but even with these additions, it 
is not so good as soft water. 

The nature of the action by which soap is formed, 
was by no means understood till Chevreuil commenced 
his investigation of oils; (An. de Chem. xciv.) He found 
that they contain two distinct substances, possessed of 
peculiar properties. One of these he has called stearin, 
(from ering, Suet >) the other elain, (from sdcioy, oil.) 

‘Stearin is obtained most easily by the process recom- 
mended by Braconnot, (An. de Ch. et de Ph. 11.) which 
consists in congealing the oil by cold, and keeping it be- 
tween several folds of bibulous paper, by which the elain 
is removed. It is a soft white substance resembling wax, 
destitute of taste and smell. Its point of liquefaction 
differs according to the matter from which it is pro- 
cured. That from common tallow melts at 109, and on 
cooling crystallizes. When mixed with an alleali, it 
forms soap. | 

It is soluble in alcohol wheh warm, and the solution 
deposits it as the temperature falls. | 

Elain may be prepared by soaking in water the paper 
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employed in the preparation of stearin, or by mixing oil 
with cold solution of soda, which unites only with the 
stearin, so that, by filtration, the elain passes through 
along with the excess of alkali, from which it is sate 
poured off. 

It is generally of a yellowish colour. Its sp. gr. va- 
ries from 913 to 930. Like the other, it is soluble in 
alcohol, and when mixed with warm alkaline solutions, 
forms soap. : 

Stearin and elain are contained in different quantities, 
in different substances. 'They have been found to be, in 


100 parts of 


Stearin. Elain. 
beef marrow, 716 24 
butter, “46 54 
hogslard, 38 62 
goose fat, 32 68 
olive oil, | 28 okee 
mutton marrow, 26 74 
almond oil, 24, 76 


In prosecuting his enquiries into the nature of soap, 
formed by the action of alkaline matter on these princi- 
ples, Chevreuil found that there exists in it no less than 
three acids, which he has called, margaretic, oleic, and 
stearic, the first so termed from its pearly appearance, 
(comgynerrnss a pearl. ) 

Soap composed of alkali and hogslard is partly s soluble. 
What is not dissolved,.is precipitated in white flakes, com- 
posed of the alkali and margaretic acid, and which, by 
the addition of muriatic acid, is decomposed, the peculiar 
acid collecting on the surface in the form of pearly scales. 
These, when washed and dried, are destitute of taste and 
smell. At 134 they melt, and by a higher heat are de- 
composed. ‘They redden vegetable blues and unite with 
the bases, forming compounds, called margarates. 

Oleic acid is procured by the addition of an acid to the 
solution of soap made of hogslard, by which it is sepa- 
rated in the form of an oily-looking fluid, but still mixed 
with margarate of potass, from which it is freed by the 
addition of an alkali, and afterwards of an acid. 
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~ It is an oily colourless fluid of sp. gr. 899 ; but which 
congeals at about 40. It reddens litmus, and unites also 
with the bases, and forms oleates. a 

Stearic acid is afforded also by the oils and fats employ- 
ed in the manufacture of soap, but in different quanti- 
ties. It unites with the alkalies, and forms stearates, 
much less soluble than the margarates and oleates ; and. 
hence, according to Chevreuil, the variety in soaps from 
‘the substance used in the manufacture. 

Soaps of vegetable oils are composed chiefly of oleates 
and margarates, which vary in proportion in different oils; 
the more oleate, the softer the soap. Those of mutton 
suet, and hogslard, contain margarates, oleates, and stea- 
rates, the last of which communicate hardness ; so that 
the more stearate, the harder the soap. 

Chevreuil has found, also, that it is the stearin and elain 
that afford the acids existing in soap, the former yield- 
ing the margaretic and stearic, and the latter oleic acid, 
the decomposition and consequent formation of these 
being effected by the alkalies with which the oils are 
mixed ; hence we are enabled to imitate different kinds 
of soap, by taking substances which contain stearin and. 
elain to afford the requisite proportion of acids. Thus, 
by adding to oils that afford soft soap with soda, a sub- 
stance that contains a large quantity of stearine, it be- 
comes hard, the stearine affording by its action with the 
alkali stearic and margaric acids, which are yielded in 
small quantity by the other oil. 

Ammonia unites with the oils, and forms a saponaceous 
compound, possessed of stimulant properties ; and hence 
its use as a rubefacient. The olewm ammoniatum of the 
pharmacopeeia’ is prepared by shaking together one part 
of aqua ammonie and eight of olive oil. 

The earths unite with the oils, and form soaps, differ- 
ing from those containing alkali, in not being soluble in 
water. ‘The only one of any interest is that with lime, 
having been long employed under the name of carron 
oil, as an excellent application to burns. It is the dini- 
mentum aque calcis of the Pharmacopeia, prepared by 
shaking together equal measures of oil and lime water. 
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Oil exerts little action on metals; hence’ the frequent 
practice of covering with it those liable to be.affected by 
exposure to air. In some instances, however, it causes 
oxidation, as is particularly the case with copper, which, 
when besmeared with it, acquires a green crust. 

The metallic oxids act on oil, the combination being 
effected either by synthesis, or by the addition of soap 
to a metallic salt. Those formed in the first way, are 
alone interesting, as affording the different kinds of plas- 
ters, and which are in general prepared by boiling the 
oil and oxid together. When plasters are long kept, they 
become very hard, but the proper consistence may be res- 
tored by the addition of a little more oil. 

Most of the oils are soluble in alcohol; that most SO, 
is castor oil, which unites with it in any quantity. They 
are in general more soluble in ether. ; 

When oil is triturated in water along with sugar, gum, 
or starch, it is prevented from subsiding, probably owing 
to the viscid nature of the mixture. | 

The fixed oils are found in great abundance in a varie- 
ty of plants, chiefly in the seeds and fruits ; and the near- 
er they are to maturity, the greater is the quantity. 
They are obtained from them either by compression, .or 
by boiling them in water, the oil in the latter case being 
easily separated from the water over which it floats. 

Oil is employed for affording light. It is used also 
in the composition of paints and varnishes; but be- 
fore being mixed with the paint, it undergoes a process, 
which makes it dry more easily. For this purpose it is 
boiled for some time, during which it becomes thicker, 
and of a darker colour. It is occasionally also set on 
fire, and allowed to burn for a short time; and after the 
flame is extinguished by putting on the lid of the pot, ‘it 
is boiled till it becomes of the requisite consistence. It is 
sometimes also boiled with litharge, by which it under- 
goes a slight decomposition. By all of these processes, it 
loses its greasiness, and is thus rendered fit for the pur- 
poses of painters, and for the preparation of varnishes. For 
the former, it is mixed with white lead, and then with the 
paint ; and for the latter, with oil of turpentine and resin. 
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‘Varnishes made in this way differ from those with spirit, 
-in being much more flexible when dry, and of course not 
-so liable to crack. 
Oil is likewise used by printers. Nut oil is consi- 
dered the best for black ink ; and for other colours, that 
from lintseed is commonly employed. In. preparing 
them, the oil is boiled as already mentioned, and then 
mixed with the requisite quantity of the colouring mat- 
ter. During this process, it is evident that it must under- 
go some changes, for it adheres easily to moist paper, 
which it would not previously do. 
Oil is employed also for yielding a gas, used as a 
means of affording light. 
When oil is subjected to a red heat excluded from air, 
it is decomposed, its elements enter into a new state of 
combination, and a Jarge quantity of gaseous matter, now 
called oil gas, is given off, which affords by its combus- 
tion a very brilliant light, and which as oil is composed 
chiefly of carbon and hydrogen, the proportion of oxigen 
being very small, contains little carbonic acid, and is en- 
tirely free from sulphur. For this reason it does not re- 
quire to be purified; hence the method of preparing it is 
much more simple than that for procuring coal gas. For 
this purpose a reservoir full of oil is connected by a tube 
with a cast iron retort, placed in a furnace, and from the 
opposite end of which there pass tubes to the gasometer. 
Having stuffed the retort. with pieces of brick: or coke, 
it is made red hot, and the oil is then allowed to 
flow in, in a small stream, the use of the coke or brick 
apparently being merely to retard its progress, and thus 
expose it more completely to heat.. The moment it en- 
ters the retort, it is decomposed, gas is formed, and passes 
into the gasometer. During its passage through the 
tubes, it deposits a little volatile oil and acetic acid, 
which are drawn off. by a stopcock attached to them ; 
but it still retains part of the former, which gives to it 
its peculiar odour... | 
The quantity of gas given off from oil varies accord- 
ing to the heat ; 100: cubic feet may be got from a gallon, 
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but it seldom amounts to so much; in general 80 may be 
considered an average quantity. More may, however, be 
procured, but in this case it is of very inferior illuminat- 
ing power. (For the composition of oil gas, see Bitumens. ) 

Different statements have been given of the compara- 
tive power of illumination of oil gas, and which has been 
occasioned in a great measure by the difference in its pro- 
perties, owing to the method followed in procuring it, 
as it has been already mentioned, that the more there is 
obtained from a given quantity of oil, the ileieninnting 
power always ssnnink the less. Mave 

It has been found from numerous trials, that a foot of 
oil gas will afford a light equal to that of about from 6 
to 8 tallow candles (short sixes), burning with a clear 
flame, supposing the quantity obtained from a gallon of 
oil to be about 80 feet. This makes the illuminating 
power to be about double that of coal gas, bulk for bulk. 
(Ed. Phil. Journ. xi. xii.) 

The manufacture of oil gas on 
a small scale, may be shewn by 
a very simple apparatus. To one 
end of an iron tube A, passed 
through a chauffer, to bring it to 
ared heat, adapt a tinned iron 
funnel B, with a stop-cock C, 
having previously connected the 
opposite end to a gasholder. The funnel being filled 
with oil and the tube properly heated, the stopcock is to be 
opened and almost immediately shut, by which a little 
oil is allowed to flow in, and the moment it falls on the hot 
tube gas is given off, so that, by repeatedly turning the 
cock, a sufficient quantity may be formed to fill the gas- 
holder. 


Volatile Oils. 


Volatile possess some of the properties of fixed oils, but 
they differ from them in many respects. ‘Their charac- 
teristic feature is leaving a greasy stain on paper, but 
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which is easily removed by heat. Hence a method, not 
only of distinguishing them from other oils, but also of 
knowing whether they are pure. Thus, if a drop of com- 
mon oil be thrown on paper, and held near a fire, part 
flies off, but before the whole can be dissipated, the paper 
is destroyed. If, on the contrary, a few drops of any vo- 
latile oil, as turpentine, be used, the stain disappears, 
without the texture of the paper being in the smallest 
degree injured. If, however, the latter be not pure, that 
is, if it be adulterated with any fixed oil, which is fre- 
quently the case, particularly with the more expensive 
ones, the spot does not entirely disappear; the volatile 
one flies off, but leaves the other. Owing to this proper- 
ty, volatile oils are sometimes employed for making pa- 
per transparent, with the view of copying drawings. The 
paper, being besmeared with pure volatile oil of turpen- 
tine, and dried by exposure to air for a short time, is put 
on the drawing, the traces of which are distinctly seen 
through it. After taking off the copy by a pencil, the 
oil is easily expelled by holding it near a fire. 

The volatile oils are in general as fluid as water, though 
they are occasionally thick. Some are colourless, but 
others are of a bluish or greenish colour. They havea 
hot taste, and each has a smell peculiar to itself. They 
are generally lighter than water, but in a few instan- 
ces they are heavier, as is the case with those of cinnamon 
and cloves. Oil of turpentine is of sp. gr. 792, of juni- 
pers only 611. 

They are dissipated in vapour, at a temperature below 
that of boiling water, provided it is present, and they are 
not altogether excluded from the air, the vapour con- 
densing unchanged in its properties. If the experiment 
be conducted in close vessels, they require a higher tem- 
perature for their volatilization, and they also undergo 
decomposition ; they become black, and their odour is 
ehanged. : 

_ The congealing point of volatile oils varies; that of 
anise seed congeals at 50, of turpentine at 14, while 
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some require to be cooled to —17 ‘before pays ya 
solid. aft 

_ When exposed to light, ees Hah thick ee dark 
coloured, and are not so easily volatilized; hence the 
necessity of using recently prepared oil for rendering 
paper transparent. A similar change also occurs when 
they are long kept, particularly if not in well-stoppered 
phials, and which is owing to the absorption of oxigen. 
if long exposed to the air, they acquire § so much consist- 
ence as to resemble a piece of resin. 

When heated in contact with air, they sake fire aa 
burn with great rapidity, the products being -carbonic 
acid and water; but if the combustion be not complete, 
as when they are burned on a plate, they give out a great 
deal of smoke. These experiments shew that the i ingre- 
dients are the same as those of other vegetable matter. 
According to Ure, (Ph. Tr. 1822.) cil of turpentine i is 
composed of, . . 


shel Seka | 82.35 = 14 atoms © 
oxigen, 9.80 = 1 do’ 
hydrogen, 7.85 =10 do 


When purified by distillation, it does not seem to con- 
tain any oxigen, an opinion supported by the experiments 
of Labillardiere, who maintains that 1 volume of its va- 
pour is composed of 4 of olefiant gas, and 2 of carbon 
gas. | 

‘Volatile oils are soluble, though sparingly so, in water. 
By agitation, they communicate their flavour and odour 
to it; and hence the method of preparing waters im- 
pregnated with them, as those of peppermint and cinna- 
mon. 

They dissolve sulphur and phosphorus; but a few 
drops of volatile oil, with the exception of those of cin- 
namon and naphtha, when added to the solution of the 
latter in a fixed oil, destroy its luminousness. 

They are acted on by chlorine gas with great rapidi- 
ty, the action being, in general, accompanied wit r 
bustion, and. the evolution of an immense» tity of 
smoke. The easiest method of showing the action, i to 
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sdak a piece of paper in oil of turpentine, and, having 
suspended it from a plate of metal, put it into a bottle 
of the gas, standing on a plate of water, and instantly 
cover with a shade. 

- The acids act with great ease on volatile oils. When, 
for instance, nitrous acid is poured on them, the action 
is so violent as to cause the mixture to inflame. (See 


Nitrous Acid.) When the acid is diluted, the action 


goes on slowly, and oxalic and malic acids are form- 
ed. Sulphuric acid causes them to become black 
from the deposition of carbon. When muriatic acid gas. 
is passed for some time through them, a whitish matter 
is deposited, resembling camphor in some of its proper- 
ties, (See Camphor.) 

Volatile oils do not exert a strong affinity for the alka- 
lies and alkaline earths ; they may, however, be made to 
unite with them by long continued trituration, and which 
is supposed to. act by its enabling them to absorb oxigen, 
and become converted to a substance similar to resin, 
which it is well known unites easily with alkalies. 

Volatile oils are soluble in alcohol, but the solubility 
varies in different cases. When water is added to the 
solution, the oil is deposited in minute globules, which, 
being suspended in the fluid, give it a milky appear- 
ance. They are also soluble in ether, and in the fixed 
il 

Essential or volatile oils are found in almost all the 
different parts of plants ; in each, however, they are con- 
tained in some particular part, though in ‘a few instances 
they are dispersed through the whole. When in large 
quantity, they may be obtained by pressure, but they 
are usually procured by distillation. For this purpose 
the vegetable, cut into small pieces, is put into a still 
with water, and heat applied, by which the water and 
oil rise together in vapour, and are condensed in the re- 
ceiver. As there is little attraction between them, they 
soon separate, so that the oil is easily got pure. Some 
of the volatile oils, as turpentine, are procured by distil- 
lation from 3 resins. | 
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Volatile oils are used chiefly in the preparation of var- 
nishes and paints. They possess the valuable property 
of preventing vegetable matter from becoming mouldy 3 
hence a few drops of oil of cloves are frequently mixed 
with ink. The effect of Russia leather, in preserving 
books, is well known. It operates in a similar manner in 
preventing mould, and which is owing to its containing a 
strong smelling volatile oil derived from birch-wood. 


CAMPHOR. 


Camphor, which is nearly allied to volatile oils, is a 
white, soft, semi-transparent substance, having a crystal- 
line appearance, a strong and fragrant odour, and a hot 
pungent taste. Its sp. gr. is 988. / 

It sublimes slowly even at a natural temperature, and 
the vapour condenses in slender crystals. It evaporates 
quickly at 150; at 288 it is fused, and at 400 it enters: 
into ebullition. If the temperature be still farther raised, 
it takes fire, and burns with a bright flame, giving out 
much smoke, and the usual products, carbonic acid and. 
water. When heated in oxigen gas, the combustion is 
very brilliant. 

It has been analysed both by the destructive distillation: 
per se, and with oxid of copper, by Thomson and Ure, 
the results. being, 


: Thomson. * Ure. 
carbon, 73.91 78.02 
oxigen, 11.6 10.40 
hydrogen, 14.49 11.58 


Camphor, if soluble in water, is so to a very small de- 
gree, the fluid acquiring the peculiar flavour when tri- 
turated with it. ; 

Most of the acids dissolve it. When heated in nitric 
acid, it is dissolved, but at the same time altered in its 
properties, being converted to an acid called camphorie. 
The process for preparing it consists in boiling in a retort, 
to which a receiver is adapted, an ounce of camphor in 
four of acid, repeating the ebullition four or five times, 
with the same quantity, till the camphor ceases to rise in 
vapour, each time returning into the acid the matter that 
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sublimes into the receiver. During the process, nitric 

oxid and carbonic acid are disengaged, and a transparent 

fluid is left, which, when it cools, deposits crystals. 

_ Camphoric acid is sparingly soluble in cold, but easily 
dissolved by boiling water. It is soluble also in alcohol, 

_ and the solution is not decomposed by admixture with 
water. It unites with bases, and forms camphorates. 

When camphor is long digested in sulphuric acid, a 
substance is formed, possessing many of the properties 
of the astringent principle tannin, as was first shown by 
Hatchett, (Ph. Tr. 1805.) and afterwards confirmed by 
Chevreuil, (Se Tannin. ) 

_ The action between alcohol and camphor is peculiar. 

When a few drops are poured on it, it is easily reduced 
to powder, which, before the addition of the spirit, could 
not be effected. When the alcohol is in larger quantity, 

it is dissolved, the solution being transparent and colour. 

less, and easily decomposed by water, which precipitates 
it unchanged in its properties. 

Camphor is soluble in the fixed and volatile oils, and 
in-strong acetic acid. 

Camphor is generally the produce of the dawrus cam- 
phora, a native of Japan, from the wood of which it is 
obtained merely by sublimation, the product being after- 
wards mixed with lime, and again sublimed to free it 
from impurities. It is found, however, in many other 
vegetables, in the volatile oils of which it exists in con- 
siderable quantity, as in those of rosemary, sweet mar- 
joram, sage, and lavender. 

It has been already mentioned, that by the transmis- 
sion of muriatic acid gas through oil of turpentine, a sub- 
stance similar to camphor is gradually deposited. 
Though some are inclined to consider this as camphor, 
Gay Lussac asserts, that itis merely a compound of mu- 
riatic acid and the essential oil, neither of which has un-. 
dergone any decomposition. 

_. Camphor is used in medicine externally, dissolved in 
alcohol or oil as a rubefacient, and internally in diseases. 
of the urinary organs, suspended in water in the form of 
emulsion, by means of sugar or almonds. | 
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REsIns. 


’ Resins are solid brittle substances, generally of a yel. 
lowish colour, with some degree of transparency, and’ 
considerable lustre. When pure, they are destitute of 
taste and smell, but they have generally a peculiar odour 
and flavour, owing to impurities. They are heavier than 
water, their sp. gr. varying from 1020 to 1186. 

When heated, they melt, forming a transparent fluid, 
which, as its temperature falls, again becomes solid with- 
out having suffered any change of composition. When 
the temperature is raised, they are inflamed, giving off 
the usual products, and a great deal of smoke. 

Very different statements have been, given of the com- 
ponent parts of resin, probably owing to a difference in 
the composition of the substances themselves, and to the 
presence of impurities, for it is well known, that they in 
general contain both water and an essential oil. ites 
following is the result of the analyses : my 


Thenard. | Ure. Thomson. — 
carbon, 75.944 - 45. 63.15 
oxigen, 13.337 12.5 -- 25.26 ° 


hydrogen, 10.719 12.5 11.59 + 

In one instance, in which the resin had been freed of 

ins i by long exposure to heat, the products hie 

carbon, 49 

oxigen, 49 

hydrogen,’ 2 a mr 
The discordance in these results shews, that the webjdet 
still requires farther elucidation, before we can conclude 
with certainty, with respect to the actual | pia of 
resin. 

~ Resins are insoluble in water, but when melted in it, 
they seem to unite, for they ie their iat spa and 
brittleness. 

' The acids act on resin. By very cautious digestion in 
nitric acid, it is dissolved apparently without undergoing 
decomposition. - If, however, the digestion be long con- 
tinued, a solution is formed, which on evaporation yields 
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a substance resembling that called extractive, being 
equally soluble in alcohol and in water. If the action 
be still longer kept up, a matter is produced similar 
to tannin, or the astringent principle. (See Tannin. ) 
Sulphuric acid slowly dissolves resin, even at a natural 
' temperature, and from the solution it may be deposited 
unchanged in its properties. By the application of heat 
sulphurous acid gas is disengaged, the fluid becomes 
thick and dark coloured, and a substance remains undis- 
solved, and from which alcohol takes up a matter similar 
in its properties to tannin, (See Tannin.) Acetic acid 
dissolves resin without decomposing it. 
_ The alkalies dissolve resin, but when their carbonates 
are boiled on it, they enter into union, and form a sa- 
ponaceous compound, from which acids precipitate 
it unchanged in its qualities. The use of resin in 
soap-making, has been already noticed. On the addi- 
tion of a metallic salt to the solution, a precipitate of the 
oxid and resin is thrown down. 

Resins are soluble in alcohol, in ether, and in the fixed 
and volatile oils, and from the solution they are precipi- 
tated by the affusion of water. 

Camphor seems also to have an attraction for them, 
for when beat together the resin becomes soft. 

Resins are obtained from juices which exude from dif- 
ferent kinds of trees, either naturally, or through inci- 
sions in the bark. The fluid thus procured is a mixture 
of volatile oil and resin, which are separated by distilla- 
tion, the former being driven off in vapour. They of 
course vary in their properties according to the tree from 
which they are procured. 'The most common are ob- 
tained from the varieties of fir, the juices of which are 
called turpentines. That of Scotch fir, when distilled, 
yields common resin; that of larch, Venice turpentine, 
and the balm of Gilead fir, Canada balsam. The fluid 
procured by the distillation of these is oil of turpentine, 

or what is commonly sold under the name of turpentine. 

Other resins are obtained from different sources, as 

-eopal, from the thus copallinum, a native of America, 

VOL. Il. We 
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mustich, from the pistacea lentiscus, which erows in thé 
Levant, and Jac, said to be a deposit from insects, found 
on different species of trees, natives of the Kast Indies. 

Resins, particularly copal, are employed as waratahe} 
and common yellow resin, when mixed with wax and oil, 
in the proportion of 4 wax, 2 resin, and 1 olive oil, forms 
a good luting for joining chemical apparatus, when heat 
is not to be applied. | ‘ 

Copal is white, with a slight tinge of brown. It is in- 
soluble in water, and even in alcohol it is dissolved with 
difficulty, in this respect differing from common resins. 
It may, however, be dissolved in oils. When melted 
till it ceases to emit a peculiar odour, which it at first 
gives off, and then mixed with an equal quantity of lint- 
seed oil, previously freed of its colour by exposure to the 
‘sun’s rays, it is dissolved, and is in this state used as a 
varnish. Four parts of copal melted, and afterwards 
mixed with oil of lintseed, and about as much oil of tur- 
pentine as is equal to the whole mixture, form a var- 
nish used by japanners. 

Copal, it has been said, is acted on with difficulty by 
alcohol, and the volatile oils ; we are obliged, therefore, 
to have recourse to a particular management to get it 
in solution. ‘This may be effected by boiling it in them 
under an increased pressure, or by exposing it to their 
vapour, by which it is at first softened, and then dis- 
solved. 

Guaicum, the produce of a tree a native of the West 
Indies, is nearly allied in many of its properties to resins. 
It is soluble in alkalies and in alcohol, but in its action 
with acids, it differs from resins, in yielding oxalic acid, 
and little tannin. Its action with gluten has been al- 
ready noticed. (See Gluten.) 

Balsams are merely mixtures of volatile oil, resin, and 
the acid called benzoic. ‘They are soluble in alcohol, 
ether, and some of the acids. 

They are obtained from trees either 51 ssh calla 
exudation, or by incisions. The principal are Balsam of 
Peru, the produce of the myro«olon peruiferum, balsam of 
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Tolu, from the toluifera balsamum, storax, from the sty- 
rax officinale, and benzoin, from the styrax benzoina. 
They are chiefly used in medicine. 

~ Gum resins are in their properties intermediate to re- 
sins and gum,.and are not, therefore, to be considered 
distinct vegetable principles, being merely mixtures. of 
those mentioned. ‘They are not Be soluble in alco- 
hol, or in water, but proof spirit dissolves the greater 
part of them, the water taking up the gum, and the alco- 
hol the resin. To this class belong aloes, assa fetida, 
myrrh, opium, gum Gee &c. ‘They are used in me- 
dicine. | 


CAou TCHOUC. 


Caoutchouc, or Indian rubber as it is frequently called, 
was brought to Europe from America, about the begin- 
ning of the last century, but at that time its history was 
not known. Condaminé, in 1755, ascertained that it was 
procured from the juice of a tree called Hevé, and it has 
since been obtained by Fresnou in Cayenne, - and by 
others from trees which grow in India. 

When pure, it is white, but it is generally of. a brown 
or blackish colour, owing to the method of preparing it, 
the juice as it flows fe the tree being collected on a 
mould, the form of which. it is to take and dried by 
exposure to the sun’s rays, and then to smoke, successive 
layers being put on, till it is of the requisite . thick- 
ness. It is destitute of taste and smell, _ Its sp. gr. va- 
ries from 930 to-1000.. It is remarkable for its. elastici- 
ty, a small slip being easily extended to a great length, 
and the moment the extending force is withdrawn, re- 

aining its original dimensions. The elasticity varies 
with the temperatur e, becoming g ereater as this is raised. 
During: the extension, a slight fife of heat: is evolved, 
as is proved by drawing it out epi placed between Na 
lips. On the contrary, when it abrBK there is a slight 
degree of cold. 

Caoutchouc, when exposed to heat, selon: and. swells, 

nN 2 
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and emits an odour similar to that of burning hair. . If 
the temperature is high, it burns with a bright flame. 
When heated in close vessels, it gives out the usual pro- 
ducts. According to the analysis of Ure, it is composed 
of | 
carbon 90, hydrogen 9.12, oxigen 0.88 ; 
and as the last is not in sufficient quantity to form an 
atom in proportion to the others, it is supposed. adventi- 
tious. 

Caoutchouc is insoluble in water. When kept for 
some time in it when boiling, it becomes soft and ad- 
hesive, which is however owing to the heat, and not to 
any particular action exerted on it by the fluid. 

The acids exert very little action on it. It decom- 
poses sulphuric and nitric acid, causing the evolution of 
sulphurous acid and nitric oxid; and in the latter in- 
stance oxalic acid is formed. 

The alkalies act but feebly on it, even though aided 
by heat. By long digestion in their solutions, a little of 
it seems to be dissolved, and it loses its elasticity. | 

When boiled in alcohol, it becomes white, but i is not 
dissolved or altered in its properties. 

Ether very easily dissolves it, but it requires to be free 
from all foreign admixture; hence the cause of the dis- 
cordant statements with respect to its action. Before at- 
tempting to dissolve the caoutchouc, it is necessary to 
wash the ether repeatedly with water, after which it acts 
as a ready solvent. ‘The solution, by evaporation, af- — 
fords it unchanged in its properties; and hence its use 
in making tubes and other articles. 

Volatile oils also dissolve it by the aid of heat, but 
there is a slight decomposition ; for on evaporation it 
yields a soft clammy substance. Perhaps the most ac- 
tive and cheapest solvent is the distilled oil of coal-tar, 
now known by the name of naphtha, in which it at first 
softens and swells to about 30 or 40 times its original 
bulk, and then disappears, forming a solution, the con- 
sistence of which depends on the quantity dissolved. 
This constitutes the patent process of Tennant of Glas- 
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gow, for getting it in solution, and which he uses in the 
manufacture of water-proof cloth, and other articles. 

For this purpose, about 12 ounces of the caoutchouc, 
cut into small shreds, are put into a wine gallon of the 
oil, kept warm by means of a steam bath, the mixture 
being stirred till it becomes a thin pulp, after which it 
is passed through a very fine hair or muslin searce. 

Caoutchouc, from its elasticity and power of resisting 
the action of chemical agents, is well adapted for many 
purposes ; hence its use in making flexible tubes and var- 
nishes. From the difficulty of getting it formerly in solu- 
tion, tubes used to be made by cutting it into long pieces, 
softening by keeping them boiling in water, and then 
wrapping them round a piece of cane, and beating them 
till they adhered. This method is, however, now little 
followed, as the caoutchouc is so easily dissolved by coal 
tar oil, and which is so volatile, that when exposed to 
the air, it flies off, and leaves it, in its pure state, adher- 
ing to the substance on which it was spread. For mak- 
ing tubes, the solution is now applied to leather, or cloth, 
which is allowed to dry, and then wound round a cylin- 
der, several coatings being afterwards given, by which 
the tube becomes quite air-tight. It is in the same way 
that the solution is now used as a varnish, the oil flying 
off, and leaving the caoutchouc. Hence also the method 
of making water-proof cloth, by soaking two separate 
pieces in the solution, and when they have become clam- 
my by evaporation, passing them together between roll- 
ers, after which they are hung up in a warm room, till, 
by the dissipation of the oil, the caoutchouc causes them 
to adhere. 

Caoutchouc exists in other plants than those mention- 
ed. The jicus Indica, the arctocarpus integrifolia, and 
the wrceola elustica, afford it. The jatropa elastica also 
yields it in considerable quantity. 

Fourcroy found that the juice which had been sent 
home in well-stoppered phials, contained small pieces of 
caoutchouc in its inspissated state. When exposed to 
the air, the fluid part very quickly became solid, owing 
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to absorption: of omen 5 and hence the city of Re 
eer ving it liquid. : 9. eae 


Taw, Tanke OR “ASTRINGENT PRINCIPLE. 


The substances called nutgalls, besides other ingredients, 
contain a matter, which has been long known to afford a 
black precipitate, with a salt.of i iron, and to corrugate 
the animal fibre. These properties were first spree: out 
by Lewis, and afterwards by Deyeux and Seguin, and 
aseribed by them to the presence of a peculiar principle, 
which was first obtained in its separate state by Proust. 
It has been called tan or tannin, from its use in tanning. 
Its properties have been investigated by Davy and Hat- 
chett, the latter of whom has pointed out a method of 
preparing it artificially. 

Tannin, when pure, is a hard brown friable ns Gletanee, 
having a peculiar smell, and a bitter astringent taste... 
_ When heated in close vessels, it gives out carbonic 
acid, and an acidulous liquor containing an empyreuma- 
tic oil, and charcoal, in considerable quantity, is left i in 
the apparatus. - It contains, ther efore, the usual ingre- 
dients of vegetable matter ; and, according to Berzelius, 
in the proportion of. 


| carbon, ane aki atoms, 
_ oxigen, AD. - 4 atoms, . 
hydrogen, 4.45, 3 atoms. 


It is soluble in water, affording a brown solution, 
which, according to Tromsdorff, does not become mouldy, 
even though exposed to the air. pares 

Tan is decomposed by the acids. When sins aie 
is mixed with nitric acid, it becomes turbid, but very 
soon regains its transparency, and acquires a brown co. 
lour ;, the tan seems, however, to have undergone decom- 
position, for it does not produce the usual phenomena 
with other re-agents. 

From the watery solution of tan, the diluted acids 
throw down abherePitatcs, apepenty conned 9 the 
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acid and astringent principle.. The fixed alkalies also 
yield precipitates from the solution, and which must be 
considered compounds of the tan and the substance add- 
ed; but on the addition of excess of alkali, the precipi- 
tate disappears. That a union has taken place is evident, 
for re-agents added to the solution, produce phenomena 
altogether different from those occasioned by tan; but if 
the alkali be neutralized by an acid, the usual appear- 
ances are presented. 

Many of the compound salts, as nitrate of potass, and 
muriate of soda, precipitate tan from its solution. When 
an alkaline carbonate is added, a powder is deposited, 
which is a compound of the salt and tan; but the fluid 
still retains a portion of the latter in union with the al- 
kali; for if this be neutralized, the usual phenomena 
are produced by the re-agents that act on tannin. 

Lime, baryta, and strontia; form precipitates of an 
olive colour, apparently throwing down the whole of the 
tan. The earthy carbonates also cause its deposition ; but 
they differ from the carbonates of the alkalies, in not 
forming soluble compounds with it. 

Many of the metallic oxids also unite with tan, and 
form substances called tannurets. 'The compounds may 
be formed by boiling the solution on the oxids or by 
mixing it with that of the metallic salt. By far the most 
important action, is with salts of iron. When infusion of 
tan is added to its: proto-sulphate, there is httle or no 
change, but with the per-sulphate it throws down a black 
precipitate: Of course, on exposing to air the mixture 
of tan and the proto-salt, the dark colour gradually ap- 
pears. This compound is supposed to contain protoxid 
of iron, the excess of oxigen in it having passed to the 
tan. It is decomposed. by the acids, which, uniting with 
the iron, set the tan at liberty. Thus, on adding sul- 
phuric acid to the black fluid, it instantly feoere. _CO- 

lourless, but the colour may be recalled by the neutrali- 
zation of the acid by any alkali. 
Salts of lead, of tin, gold, platinum, and bap nOny: 
also precipitate tan from its solution. 
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‘ Alcohol, which is freed as much as possible from water, 
does not dissolve tan; but if it contain a minute quan- 
tity of it, so as to make it of sp. gr. 818, it forms with 
it a solution of a brownish colour. 

Tannin is contained in a great many vebetauli from 

which it is not spontaneously afforded pure, like most of 
the other principles, being in general mixed with muci- 
lage, an acid called gallic, and extractive matter. 
_ The substance that yields it in greatest quantity, is 
nutgalls, excrescences on the leaves of the oak, occasioned 
by the puncture of a small insect. They are of a round 
form, and have a disagreeable bitter taste. According 
to Davy, 500 grains of Aleppo galls afforded, by evapo- 
ration of their solution, 185 grains, 130 of which were 
tan, the remainder being mucilage, gallic acid, and ex- 
tract. It is contained, also, in the leaves and bark of a 
great many vegetables. The bark of the oak, of the 
Leicester willow, and Spanish chesnut, souchong and 
green tea, shumac, the shoots of the rhus coriara, dried 
and ground to powder, contain it in considerable quan- 
tity. Davy has found that the inner bark has more 
than the outer; accordingly, young trees which have the 
former in excess, yield more than old ones. 

Catechu, or terra japonica, extracted by decoction from 
the wood of the acacia catechu, contains a very large 
quantity of it; 480 grains of Bombay catechu afforded 
261, while that from Bengal yielded 231. 

Kino, an extract from the cocoloba uvifera, or sea-side 
grape, growing in Jamaica, and also from the different 
species of eucalyptus, particularly the resinifera, or Bo- 
tany Bay gum-tree, consists chiefly of tannin. 

Tannin, it has been mentioned, exists in the different 
substances that yield it, along with mucilage, extract, 
and gallic acid, with which it is so intimately blended, 
that though several processes have been recommended 
for separating them, it is doubtful if any yields it pure. 
That given by Tromsdorff is, according to Thomson, by 
far the best. Three parts of galls, in powder, are di- 
gested in 40 of water.for three days, and after pourmg 
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off the solution, the digestion is repeated several times, 
to extract the whole of the soluble matter. The fluid 
thus obtained is evaporated to about a fourth, then 
strained and evaporated to dryness, and the residue di- 
gested repeatedly in pure alcohol, about 1-10th of water 
being mixed with the last portion, to ensure the removal 
of the whole of the gallic acid. The residue is then dis- 
solved in water, and, by exposure to air, the mucilage 
which it contains, is separated by becoming mouldy ; and 
by the addition of carbonate of potass, the sulphate of 
lime, also present, is removed. After filtration, acetate 
of lead is next added, to precipitate the tannin, and by 
passing sulphuretted hydrogen through water, holding 
the tannuret in suspension, the metal is removed, and the 
tan left in solution. 

Tan, or rather the substances in which it exists, are 

employed abundantly in the arts, From its power of 
striking a black colour with salts of iron, it is used in 
dyeing, (See Colouring Matter, ) and in the manufacture 
of ink. 
’ In the preparation of ink, the only substances neces- 
sary for producing the colour, are astringent matter and 
a salt of iron, but others are added to impart particular 
qualities. ‘Thus, gum arabic makes it more consistent, 
keeping the black matter suspended, and also preventing 
the ink from spreading on the paper ; and sugar, or sugar 
candy, gives it a gloss. Logwood, it is said, renders the 
colour darker, a property also possessed by the salts 
of copper; and by some, vinegar is employed, either 
alone or mixed with water. The use of these two last 
ingredients is, however, attended with considerable incon- 
venience, the former acting on the knife with which the 
pen is cut, provided it is not quite clean, and thus de- 
stroying its edge, while the latter softens the quill, and 
causes it to require to have the nib frequently renewed. 

The different receipts for making ink very nearly 
agree with each other; they differ only in the propor- 
tions of the ingredients. Perhaps the simplest is the 
following. Put into a bottle three ounces of nutgalls 
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bruised, two ounces of logwood bruised, one. ounce of 
green vitriol, an ounce of gum.arabic, and a quart of 
water. . The bottle ought to be kept loosely corked for 
about a fortnight, and frequently shaken, after which 
the cork must be tightened. —A much better ink is pre- 
par. ed by. the following. In six quarts beer. measure of 
water, boil four ounces: of campeachy logwood for about 
an hour, adding occasionally a little water to compensate 
for. loss by evaporation ;, strain while hot, and when cold 
make up the quantity to'5 quarts, then add 20 oz. nut- 
galls bruised, green vitriol dried in an iron ladle over a 
fire to. whiteness, A oz. 5 coarse brown sugar, 3 OZ..; gum- 
arabic 6 oz. (or for less glossy ink. half the quantity). 

The whole must be well mixed and shaken twice a day 
during fourteen days, keeping the vessel loosely corked, 

to admit the-air-to act on, the iron, and make the ink 
darker. After this the impurities are allowed to subside, 
and the fluid poured, off. 

Ink is apt to become mouldy, to prevent which, some 
cloves, or a few drops of any essential oil, as that. of 
peppermint, may be added. . Its. greatest imperfections, 
however, are its fading when writings have been long 
kept, and being -destroyed by acids; the former owing 
to the decay.of the vegetable principle, the latter to he 
decomposition of the black tannuret, by the acid, As, in 
the first instance, the iron still remains on the paper, the 
traces may be recalled by sponging it with solution of 
nutgalls ; ; and in the last, provided the texture is not 
Kee eke all that is necessary is to neutralize the acid, 
for which purpose an alkaline carbonate, as that of am- 
monia, is employed. | 

Another. method | of: recalling . the chara eae is by 
sponging the paper with a weak solution of ferro-cyanate 
of potass, and afterwards with very much diluted muria- 
tic acid, by. which they acquire a fine blue colour. 

. Chlorine also destroys ink. If the traces have been 
banished by it, they may be recalled, by rubbing the 
paper. with a weak solution of hydro-sulphuret, of potass. 

Another very important practical application .of the 


TAN) TANNING 5) 208 


astringent principle, is in tanning, or, the converting of 
gelatinous animal matter to leather. . ( See Gelatin.) - 

Artificial Tan. We are indebted to Mr Hatchett for 
the valuable discovery of the method of preparing tan 
artificially. When investigating the properties of resins, 
he discovered,‘ that, by the action of nitric acid, they 
afforded a. substance similar totan. He afterwards found, 
that. the same was produced. by other vegetable 2 
as by coal, some of the balsams, and gum resins ; and, 
indeed, from all those containing. much carbon, which 
— induced him to try the effect of nitric acid on charcoal 

tself; and from it he also. succeeded in obtaining it. 
dae methods have been pointed out: by him for 
preparing artificial tan, (Ph, Tr, 1805-6,) but that with 
charcoal i is the easiest. 100 grains of charcoal are digest- 
ed in. an ounce _of nitric acid, of specific gravity 1400, 
diluted with two. of water, till the whole is. dissolved, 
adding acid when the action ceases. On evaporation of 
the Ay, ete tannin is obtained ; and, to free it from any 
adhering acid, it is again dissolved, and cautiously eva- 
porated. By this process, 100 grains of. charcoal yield 
about 120, of which 3 seem to-be water. 
_ Artificial tan is, in most, of its properties, the same_as 
that obtained from astringent plants, being soluble in 
water, and precipitating the metallic salts very nearly of 
the same colour, In: its action with nitric acid, however, 
it is different, for natural tan. is Noes ued by. it; 
whereas the artificial is not only produced by its agency, 
but i is soluble in it, without decomposition. ? 

There is still another method of preparing artifical 
tan pointed out by Hatchett. It consists in the applica- 
tion of heat to a mixture of sulphuric acid and resin, or 
camphor, till it becomes black. By the addition of wa- 
ter to the solution, a powder .is precipitated; which, 
when treated. with nitric acid,. affords tan. It is proba- 
ble that this process, and, indeed, that the whole of those 
mentioned by Hatchett, are the same. as that already. de- 
scribed ; for it is well known, that by the addition of 
water to solutions. of vegetable matter, in n_ sulphuric acid, 
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carbon, in a fine state of division, is precipitated, so that 
the astringent principle is, in reality, formed by its action 
with nitric acid. bes 


Extract, on ExTRACTIVE. 


By the eatract of vegetables, is meant that part solu- 
ble in water, the solution, on evaporation, affording a 
substance of different colours, according to the plant 
from which it is obtained. It is evident that the matter 
procured in this way, must contain a variety of ingre- 
dients, as gum, sugar, tannin, Sc., so that it must vary 
in its properties. Some are, however, inclined to think 
that there is a principle possessed of peculiar qualities, 
to which they give the name of extract or extractive. _ 

It may be procured by boiling the sap of some trees, 
during which it is coagulated, and falls to the bottom of 
the vessel. Saffron, catechu, gentian, senna leaves, Peru- 
vian bark, and many other medicinal plants, also yield it 
by decoction. 

Extractive is soluble in water, affording a solution, 
which, when exposed to air or to heat, yields a precipi- 
tate not again soluble in the same menstruum. It is de- 
composed also by chlorine, and by the acids and alkalies, 
all of which throw down dark coloured precipitates. 
When boiled with a salt of alumina, a precipitate ap- 
pears, and the solution becomes nearly colourless. ‘The 
same likewise occurs with the oxids of some metals, and 
with their salts. When, for instance, muriate of tin is 
added to it, a brown-coloured precipitate is formed. 

_ Extractive is soluble in alcohol, and the solution is not 
decomposed by water. : 

From what has now been said of the properties of ex- 
tract, we are enabled to judge whether it really deserves 
to be considered a distinct vegetable principle. Its so- 
lubility in water and in alcohol, and the change effected 
on it by boiling, or by exposure to air, would at first sight 
induce us to believe, that the infusions of the vegetables 
mentioned, do really contain a matter different from those 
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already described ; but if we examine them more minute- 
ly, an opposite opinion may perhaps with more propriety 
be entertained. The solutions supposed to contain ex- 
tract, must have in them a variety of substances, which 
together, on the addition of re-agents, may present pheno- 
mena not to be obtained by any one principle; and hence 
probably the cause of the difference of the extracts from 
different bodies. Some are more soluble in water than 
in alcohol, others the reverse ; the former may, therefore, 
contain more mucilaginous, the latter more resinous mat- 
ter. Chlorine, the alkalies, and metallic salts, produce 
precipitates from extracts, but the same happens with 
tannin. The appearance of resin in the watery solution, 
may be accounted for by the presence of acetic acid, 

which has also been detected in them. From these 
different circumstances we may infer, that what is called 
extract, is merely a combination of the parts of plants 
soluble in water, as gum, tannin, and some others, and 
along with these a few of the principles not soluble in it, 
but rendered so by the presence of the former or others, 
and that the chemical qualities ascribed to it are the re- 
sult of re-agents on them, either separately or in combina- 
tion. At all events, till more decisive proofs are brought 
_ forward, the existence of a distinct principle, possessed 
of properties ascribed to extract, may with justice be 
called in question. 


BITUMENS. 


- By bitumens are meant those compound inflammable. 
bodies, which, though of vegetable origin, are found in 
the earth, or on its surface. They may be divided into 
two classes, the liquid, and solid. To the former be- 
long, naphtha, petroleum, and mineral tar ; to the latter, 
asphaltum, mineral caoutchouc, retinasphaltum, and coal. 

_ Naphtha isa pale yellowish-coloured volatile oil, found 
on the shores of the Caspian Sea, and in Persia. It 
has a pungent disagreeable smell. Its sp. gr. when pu- 
rified by distillation, is '758. 

When heated in close vessels, it may be distilled, and 
condensed unchanged in its properties, but when air is 
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present it burns with a white flame, giving out much! 
smoke. ‘When its vapour is mixed with oxigen, it burns 
with a flame similar to that of olefiant gas, and in this way, 
and by heating it with oxid of copper, the proportions of 
its nie danente: have been ascertained ; but very different 
statements have been given of its composition. Accord. 
ing to Thomson, its component parts are, 

! carbon, “i bi tent 39.9 
hydrogen, ca soy hes 14.8 ne 
deficiency, supposed to be azote, 3 

Naphtha, therefore, differs from the vegetable sub- 
stances formerly described, in not containing any oxigen, 
and hence its use in preserving the metallid bases of the 
alkalies, (See Potassium.) . 

By long exposure to air, naphtha becomes thick, and si. 
milar to petroleum. It is not dissolved by water or by’ 
alcohol. It dissolves sulphur and phosphorus by. the ap- 
plication of heat, and deposits them in their crystalline 
form as it cools. It unites with ether, and with the fix-. 
ed and volatile oils. It dissolves caoutchouc, but the so- 

‘Jution on evaporation leaves it of a clammy consistence. 

-Naphtha similar in its properties to that described, is. 
now obtained by the distillation of coal tar. It is trans-. 
parent.and colourless, extremely volatile and inflammable. 
It dissolves caoutchouc, and hence its use in forming air- 
tight tubes, and waterproof cloth, (See p. 197.) : 

According to Thomson,. its vapour is composed of 6 
volumes of carbon gas, and 6 of hydrogen condensed. into 
1 volume. 

Petroleum is a fluid of a thicker Engl ts than’ naph- 
tha, and of a darker colour. . When subjected to distilla-. 
tion, it yields a colourless naphtha, along with an acidu- 
lous empyreumatic liquid, leaving a Lae tarry-looking | 
rnatter in the retort. When. exposed to the air it be-" 
comes thicker, and it is thickened also by. acids. . _ When, 
heated i in air it burns, giving out much smoke. | 

Mineral tar is thicker than. tae ar TAL but similar to it 
in all its properties. 


He 


i . eed 


of the Dead Sea, and in Trintdad. It is dark brown 
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approaching to black. Its sp. gr. varies from 1070 to 
1165. When heated in a retort, it yields olefiant gas, 
and an empyreumatic fluid, containing ammonia, and 
leaving a black carbonaccous residuum. It is insoluble 
in water, in acids, alkalies, and alcohol. It is soluble, 
however, in ether and the volatile oils, but its most ready 
solvent is naphtha, which dissolves about 1-5th of its 
weight of it, and forms a dark brown solution, from 
which the volatile matter flies off, by se ale to air, 
and hence its use as a varnish. 

Mineral caoutchouc, and retinasphaltum, the former 
found in Derbyshire, and the latter in Devonshire, are 
nearly of the same quality. They are of ‘a dark brown 
colour, inflammable, and by distillation at a red heat, 
yield carburetted hydrogen, and an empyreumatic oily 
fluid, leaving a dark carbonaceous residue. 

Pit coal, by far the most abundant and useful of the 
bitumens, - is generally divided into three species, brown 
coal, black coal, and glance coal. 

Brown coal is flexible and elastic, containing a consi- 
derable quantity of volatile mater, easily procured from 
it by distillation. It has a fibrous texture, bearing 
evident marks of its origin. It burns with a bright 
flame, yielding a peculiar bituminous odour. It is found 
in Bovey in Devonshire, in Iceland, and in several parts 
of Germany. 

Glance coal or - anthracite, consists: almost ‘entity of 
charcoal, with a very small proportion of earthy i impuris 
ties: It burns with little flame, and when subjected to 
heat in retorts, yields a minute quantity of carburetted 
hydrogen, but little or no tar. It occurs in Kulkenny, 
and in several parts of this kingdom. 

Black coal is by far the most interesting of the varie- 
ties, not only from its abundance, but its use as fuel. 
It has been divided by Dr Thomson into four sub-spe- 
cies, (An. of Ph. A caking, splint, cherry, and cannel 
poal. 

- Caking coal is so called, because, by the application 
of heat, part of it is melted, and causes the whole to rum 
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into one mass. Newcastle coal, and that found in differ- 
ent parts of England, are of this kind. It is soft, and 
easily broken. It is easily kindled, and burns with a 
lively flame, giving out more heat than any of the other 
kinds ; but owing to its caking, it requires to be fre- 
quently stirred, to admit the atmospherical air. | 
Splint coal, so called from its splintery appearance, 
though not harder than the preceding, is broken with 
more difficulty, and requires a higher temperature to 
kindle it. It is much employed for yielding coke, and 
in the reduction of metallic ores, particularly iron. ) 
Cherry coal is of about the same degree of hardness as 
caking coal, and is also easily broken. It is easily kin- 
dled, and burns with a bright flame, giving out much 
heat. It does not cake, but, on the contrary, 1s quickly 
consumed ; hence it is not so economical as the others. 
It occurs in great abundance near Glasgow and in Fife- 
shire. In some parts of England it is employed for 
smelting iron. . 
Cannel coal is distinguished from the others, by its 
hardness, and its capability of receiving a fine polish 5 
and hence it is frequently cut into ornaments. It is 
much more easily kindled than any of the preceding, 
and during its combustion gives out a bright flame, but 
little heat; it splits also with a crackling noise, and 
hence the name of parrot coal. It occurs in different 
parts of Scotland, in Wigan in Lancashire, and in other 
places in England. 
Dr Thomson has given the following. as 


the result of 
his analysis of these different kinds of coal. eee 


Coking. Splint. Cherry. Cannel. 
carbon, 15.28 15.0 14.45 64.72 » 
oxigen, 45S. 12.5 -, 92.98 Oxnanc 
hydrogen, 4.18 6.25 12.4 P56 anc 
nitrogen, 15.96 6.25 - 10.22 13.72 = 2: 

100.00 100.00 100.00 100.00 


The ingredients in the above table are independe 
the incombustible matter, which Dr Thomson found to, 


opt 
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-vary, in the different instances, from 1.5 to 11 per cent. 
‘100 parts of caking coal affording 1.5, of splint 9.5, of 
cherry 10, and of cannel 11 of ashes. 

The quantity of coke, and matter volatilized by heat, 
also varied, as is shewn in the following table ; 
> aa Caking. Splint. Cherry. ~- Cannel. 

_ Coke, 174 647.8 592.5 . 400 

Vol. mat. 226 352.7 AT7.5 600 


Ca AR oa Ammar 


‘ 


1000 ~=1000. 0 1000.0 1000 

| Though the above species of black coal vary in their 
composition, yet in their general properties they are simi- 
dar. They all: afford carbonic acid, water, and ammo- 
‘nia, during their combustion ; and.when heated in close 
vessels, they give off different compounds of carbon and 
Ahydrogen, carbonic acid, carbonic oxid, water, and am- 
monia; but besides these, sulphuretted hydrogen and tar 
are generated. As the heavy. hydro-carbons are in con- 
sidersitle quantity, the gaseous matter generated by the 
destructive distillation of coal, now called coal gas, is 
employed for artificial illumination. 

For generating the gas, the coal, reduced. to small 
pieces, is thrown into ‘ies iron cylinders, previously 
heated, and on the open end of which a lid is placed, as 
quickly as possible after the introduction, of the, coal, 

and secured by a screw and luting. Decomposition in- 
stantly commences, and-the gaseous matter generated. is 
conveyed from the opposite end. of. the retorts, through 
tubes, to its place of destination. In this part, of the 
process, it is of the utmost consequence to pay particu- 
lar attention to the heat... When coal is ‘put into a cold 
cylinder, and gradually warmed, or when introduced into 
one previously brought to a white heat, the gas given off 
has but:a faint illuminating power. » When, however, . it 
is thrown into the retort | brought. toa bright cherry 
heat, it instantly yields: a ee quantity of good gas. 
As the heavy hydro-carbons are easily decomposed by 
passing over ignited surfaces, it is.of consequence also to 
_ Temove: the gaseous products as a HLCHE as possible from 
VOL. II. ty) 
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the retort, lest they should be deprived of part of their 
carbonaceous principle, and which is the chief source of 
the light. . | : | 

The gas, issuing from the retort, is conveyed by tubes 
to a vessel of water, through which it passes, and where 
it deposits tar and a strong-smelling volatile oil. It is 
next carried to the condenser, a large iron vessel, divided 
into different compartments by perpendicular partitions, 
and in its passage along which, more of the tarry matter, 
and an ammoniacal salt, are deposited, occasioned by mere 
reduction of temperature, for the partitions being hol- 
low, are kept always full of cold water. From this ‘it 
proceeds to the purifier, a vessel containing milk of lime, 
the use of which is to remove the sulphuretted hydrogen 
and carbonic acid; and after passing through this for a 
sufficient length of time, it is conveyed to the gas-holder. 
This is a large vessel made of | 
sheet iron A, open below but 
shut above, and suspended in 
a tank of water B B, by means Ci 
of chains which pass round | 
pulleys, and have weights CD, 
fixed to the opposite end. E Bek « hey Hn 30r 
is the induction pipe passing to ~ ot soil 
the top of the tank F. G is the exit pipe. When the 
coal is put into the retorts, the gas-holder is sunk in the. 
water, and as the gas flows in, it gradually raises it, the 
weights preventing it from exerting much ‘pressure on 
the gas. As, however, the gasometer is not completely 
counterpoised, the moment the stopcock of any tube com-. 
ing from it is opened, the gas is forced out by the gaso- 
meter falling in the tank. Of course the pressure to be 
given depends entirely on the distance to which it is 
to be conveyed, and the number and size of the tubes 
through which it has to pass. 

The nature and properties of coal gas, vary according 
to the coal from which it is procured, and the mode of 
preparing it. From the numerous experiments of prac- 
tical men, it has been found that 2 ewt. of coal should 
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yield about 1000 feet of gas, the sp. gr. of which varies 
from 450 to 700. It seldom, however, exceeds 600. 
The following is the composition of different specimens 
given by Dr Henry, (An. of Ph. xviii.) 


Gas, Sp. Gr. Gas conducible by chlorine. 

No. I. 650 13 

2: 620 12 

3. 630 12 

4., 500 7 

After the condensible gas was removed, there remained, 

Azote. Carb. Hyd. Carb. Ox. Hyd. 
1. 1.5 94.5 4 0 
2. 6 82 Q 10 
3. Q 66 14 18 
4. 5 60 12 23 


The gas condensible by chlorine is olefiant, and the 
other kinds of heavy hydro-carbons ; for it has been late- 
ly shewn by Faraday, that in oil gas, and probably also 
in that from coal, there exist other compounds of carbon 
and hydrogen, than olefiant and common carburetted hy- 
drogen. 

When coal gas, properly purified, is heated in contact 
with air, it burns with a bright white flame, mixed with 
blue near the burner; the products of the combustion 
being carbonic acid and water. 

Different statements have been given of its illuminat- 
ing power. Of course it must vary according to its mode 
of manufacture, and the coal from which it is procured, 
and a great deal must also depend on the mode of burn- 
~ ‘ing it. Three methods have been recommended for as- 
certaining this. 1st, Producing from similar burners the 
same intensity of shadow, and marking the quantity con- 
sumed. 2d, By ascertaining the quantity of oxigen neces- 
sary for the complete combustion of a certain proportion 
of gas. 3d, By finding the amount of gaseous matter, 
_ absorbable by chlorine in the dark. The last I have found 
“not only the simplest, but apparently the most free from 
‘objection, because it points out the actual quantity of 
‘the heavy hydro-carbons, and which are the true source 

02 
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of light, (Ed. Ph. Journ. xi.) ‘By these different mez. 
thods, it has been shewn, in the paper alluded to, that an 
argand burner, No. 2. of Edinburgh, and which consumes 
rather more than 3 cubic feet of gas per hour, when 

burning with a proper flame, about 3 inches, gives in ge- 

neral a light equal to that of about twelve tallow candles, 

(short sixes,) burning with a clear flame. 

With respect to the comparative illuminating power, 
and of course comparative economy of ‘coal and oil gas, 
it has been already mentioned, (p. 186.) that the light 
given by the latter, per cubic foot, is equal to that of 
about from 6 to 8 candles, making it nearly double that 
of the former, and this is confirmed by the chlorine test ; 
the absorbable gaseous matter, per cent. in good coal gas, 
varying from 14 to 18, that in good oil gas from 25 to 
‘32, or nearly so, because the quantity varies considéra- 
bly according to the mode of manufacture. Consider, 
ing oil gas as giving only twice the light of coal gas, 
bulk for bulk, and as its price is in general more than 
three times that of the other, it must, for the purpose of 
illumination, be considered nearly twice as expensive, and 
without possessing any advantages over it; for the lat- 
ter, when properly purified,does not contain any noxious 
ingredient *. bs Pod) eget: GEN 

It has been already mentioned, that in certain parts of 
the apparatus, tar and an essential oil are deposited. 
hese are sold to refiners, who separate them by distilla- 
tion. The latter is distilled over, and condensed in te- 
ceivers, and is now much used for dissolving caoutchouc ; 
the former, which is left in the still, is used for covering 
the roofs of houses and wood work. (See Caoutchouc and 
Tar.) In some manufactories, the tar is consumed as a 
‘means of heating the retorts where the gas 1s generat- 
ed, by which much of the nuisance occasioned by con- 
veying it from one place to another is avoided. Besides 
these, there is also a large quantity of ammoniacal fluid, 


* These remarks apply to gas procured from Scotch coal, the illuminat- 
ing power of which is far beyond that of the gas from English coal. See 
papers in the Edinburgh Philosophical J ournal, xi. xii 
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‘produced during the decomposition of the coal, and which 
is sold to manufacturers of sal ammoniac. (See Sal Am- 
moniac.) After the whole of the gas is driven off, there 
remains in the retorts a black inflammable matter ; it is 
coke, and is either used for heating the retorts, or sold 
to confectioners and others, in whose processes coal would 
aot injurious from the smoke it gives out. 

The manufacture of coal gas, on a small seale, ban 
‘sufficiently pure to shew its illuminating power, may be 
conducted by putting pieces of coal into an iron re- 
tort, the mouth of which is connected to a purifying 
‘apparatus, A, made of tinned iron, fill- 

ed with milk of lime. B is the induc- ® 
‘tion pipe, to which the mouth of the re- 
tort is adapted, and passing down to the 
_ ‘bottom, so that the gas may be made to 
flow through the fluid. C is the exit- 
‘pipe, connected with the gasometer, which ought also 
to be filled with milk of lime. On placing the re- 
tort into a furnace, or common fire, when properly heat- 
ed, the gas escapes, and passing through the lime, depo- 
‘sits the greater part of its impurities, after which it flows 
into the gas-holder, and from it may be forced out in 
the usual way, and burned, by adapting a gas-burner to 
sits exit-pipe. 
_ A familiar method of shewing the production of in- 
.flammable gas from ccal, is to fill a tobacco pipe with it, 
cover it with putty, and place it ina fire. In the course 
of a few minutes a dense white smoke appears at the 
mouth of the pipe, and which, on applying a flame, is 
-kindled, and continues to burn for some time. 

It has been already mentioned, that the gaseous matter 
-given off during the decomposition of coal and oil, by 
heat, consists chiefly of carburetted hydrogen and’ ole- 

fiant gas; but besides these, other compounds of carbon 
_and hydrogen are also generated, some of which remain 
in the gaseous fluid after purification, adding greatly to 
the illuminating power, while others are carried along 
»with the impurities. The volatile oil of naphtha, procur- 
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ed by the distillation of tar, must be considered as one 
of these. Its composition, as already mentioned, (p. 206.) 
is, according to ‘Thomson, 
6 volumes of carbon, 
6 do hydrogen, 
During the rectification of coal tar, by which the vo- 
latile naphtha is procured, a crystalline-looking matter 
is deposited in the receiver, more particularly from the 
last portions that come over, and to which the name of 
naphthaline has been given by Mr Kidd, (Ph. Tr. 1821.) 
By pressing it between bibulous paper, and dissolving it 
in alcohol or oil of turpentine, it may be obtained in its 
crystallized state by evaporation. p2 
It has a smooth unctuous feel, and a strong pungent 
odour. Its sp. gr. is 781. It melts at 180, and. boils 
at 410. When heated in air, it burns, affording carbonic . 
acid and water. It is insoluble in water, but easily dis- 
solved by alcohol, ether, and volatile oils. According to 
Ure, its composition is, | 
carbon, 92.9 or 2 atoms 
hydrogen, vice 1 do. 
but Dr Thomson, from his analysis, (. Pr.) makes it a 
compound of 2 atoms hydrogen, and % of carbon. 
During the compression of oil gas into. the portable 
lamps, and by which it is exposed toa pressure of about 
30 atmospheres, a volatile fluid is deposited in consider- 
able quantity, and which has been examined by Mr Fa- 
raday. By the application of heat, it is converted into 
vapour, but the boiling point varies considerably during 
the evaporation; and which led him to suppose that it 
might contain different compounds. By keeping up the 
ebullition at a temperature between 170 and 190, and 
subjecting the condensed vapour to zero, he procured a 
hard solid substance, to which he gave the name of 6i- 
carburet of hydrogen. aM 
At a natural temperature, it is a transparent colourless 
fluid, having the odour of oil gas, and of sp. gr. 850 
When cooled to 32, it becomes solid and crystallizes, and 
at 186 it boils with rapidity. When heated in air, it 


t condensed into 1 volume. 
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burns with a bright flame, but giving out a great deal of 
smoke. ,When passed through incandescent tubes, it de- 
posits carbon, and emits carburetted hydrogen. It is not 
soluble in water, but alcohol, ether, and oils dissolve it. 

Mr Faraday succeeded in ascertaining the proportions 
of the ingredients of this compound, by decomposing it 
by peroxid of copper, and by exploding its vapour with 
oxigen : 100 volumes he found required 750 of oxigen for 
complete combustion, and 600 of carbonic acid and water 
were the results ; now as 600 of carbonic acid contain 600 
of carbon vapour, and 600 of oxigen, the remaining 150 
of oxigen must have united with 300 of hydrogen, to ge- 
nerate the water; so that the composition must be 

carbon 6 volumes, 
hydrogen 3 do. 
And as a volume of each represents an atom, it contains 
carbon __ 6 atoms or 92.34 
hydrogen, 3 atoms or 7.66 

When the liquid from the compressed gas is heated to 
about 90, a vapour arises from it, which, when passed 
through tubes cooled to zero, is condensed in the form 
of acolourless fluid. This, according to Faraday, is 
another compound of carbon and hydrogen. At zero its 
sp. gr. is only 627. When its temperature is allowed to 
rise, it begins to evaporate, and before it has reached 32 
it is all converted to vapour, which is absorbed sparingly 
by water, but in large quantity by alcohol: 100 volumes 
require for combustion 600 of oxigen, and form 400 of 
carbonic acid ; it must consist therefore of, 

ees : sean i } condensed into 1, 
or 4 atoms of the former and 4 atoms of the latter. 

Mr Dalton has described another compound of carbon 
and hydrogen, under the name of super-olefiant gas, and 
which he conceives exists in coal and oil gas. According 
to Henry, 100 volumes require 450 for combustion, yield- 
ing 300 of carbonic acid; so that it must consist of, 

carbon 3 volumes, 


hydrogen 3 do \ condensed into 1. 
that is, of 3 atoms to 3 atoms. ~ 


condensed into 1. 
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“From what has now been said with respect ‘to the. com- 
pounds of hydrogen and carbon, it is evident that, ever 
leaving out naphtha, the composition ¢ of which has not. 
been yet satisfactorily: determined, there are no less than’ 
6 varieties of hydro-carbons, the proportions of thei ingre- 
ciate of which are, ° 


3 


: Hyd. “Carb. 

‘carburetted hydrogen, vol. 1. contains 2 1 | 
olefiant gas, — nae 2 tee 

super-olefiant gas, —  — 38 3 
Faraday’s 2d fluid, a: oe 3 6 

‘Faraday’s bicarburet, a ee A Ae. 
naphtha from coal, phe at a 6 6 


On inspecting the above table, even the most superfi- 
cial observer must be at once struck with the remarkable 
fact, that there are no less than four compounds, contain= 
ing exactly the same proportions of carbon and hydro- 
gen; and as there is no reason to doubt the accuracy of 
the analytic experiments performed, if not on the whole, 
at. least on some of: them, the only way to account for, 
the diversity in their properties, is to suppose either that. 
the elements must themselves be in a certain state of, 
union before they enter into combination with each other, 
or that the integrant atom of each compound is made up 
of a different number of. the elementary ones, though 
always bearing the same ratio to one another. 


LIGNIN. 


The name of lignin has been given to that principle 
left after removing all the soluble matter from wood 
or other vegetable pee by the action of water, alco-. 
hol, and eal muriatic acid, and which seems: to be 
the same in its properties, from whatever substance it is. 
procured. |. . 

It is destitute of taste, smell, ak colour. It is not 
EASE to be affected by exposure to air, except when 
moist, in which state it becomes mouldy, the oxigen of 
the air being consumed, ‘and its place suppligd by peo 
nic acid. 


‘LIGNIN. © . QN7 


~ When exposed to heat in close vessels, it yields a trans- 

parent colourless fluid, of sp. ‘gr. 828, having a. strong 
pungent odour, similar to that of ether. Jt boils at 150; 
and when heated in air, burns with a blue flame, with- 
out leaving any residue. :: It is not soluble in water or in 
volatile oils, but in aleohol: Macaire and Marcet, to 
whom we are indebted for the account of the properties 
of this fluid, and which they call pyrowilic spirit, found 
_it to contain nearly 6 atoms carbon, 4 of oxigen, and 7 
of hydrogen, (An. of Ph. N. S. viii.) 

“Lignin, or rather wood, yields also, by distillation, 
pytoligneous: acid, which, it has been already noticed, 
(p. 158.) is:‘merely acetic disguised by tian, 
oil, 

Lignin is acted on by acids. With nitric it alls 
oxalic and citric acid. ‘ Sulphuric acid chars it, and 
causes the deposition of charcoal. The conversion of 
vegetable matter, by sulphuric acid, into gum and su= 
gar, as the sawings of hornbeam, and probably. from. 
the presence of lignin, has been mentioned, (p. 168.): 

Gay Lussac and Thenard have analysed lignin, and 
found it composed of 

carbon, 62.53 or ‘7 atoms 
oxigen, 41.78 - 4 atoms 
: hydrogen, 5.69 - 4 atoms; . 
so that the oxigen and hydrogen are in Loge habit to 
form water. . 

When lignin is digested with potassa, it is softened, 
and a solution is obtained, from which acids precipitate a 
matter similar to ulmin, (An. of Ph. xvi.) 


The principles, the properties of which have now been 
described, are dispersed-throughout the vegetable king- 
dom, and have been long known as peculiar bodies. Of 
late, however, a great variety of substances has been add- 
ed to the list, many of which are confined to a few, or 
even to one particular plant ; and the properties of some 
of these have been but very little investigated ; indeed, so 
~ little is known of them, that it: is doubtful whether they 
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ought to be admitted as distinct principles. Others, 
however, though not minutely examined, seem well de- 
fined objects, | 


SuBERIN. 


When cork, the bark of the quercus suber, is. treated 
with successive portions of water and alcohol, a sub- 
stance is left, to which Chevreuil has given the name of 
suber or suberin. It differs from lignin, and the other, 
principles already noticed, in not yielding oxalic or ma- 
lic with nitric acid, the product being a peculiar one 
called suberic, and which unites with bases, and forms 
suberates, (An. of Ph. ix.) : | 


FuNGIN. 


» Mushrooms have, by Braconnot, been found to contain. 
a peculiar principle, to which he has given the name of, 
fungin. It is obtained by washing the fleshy part with 
a very weak warm alkaline solution, after which there 
remains a white, insipid, soft substance, easily decomposed 
by heat, and yielding ammonia, shewing that it contains 
nitrogen. It is decomposed also by nitric acid, with the 
disengagement of nitrogen. Alkaline solutions do not 
dissolve it, except when strong, and the action is aided by 
heat. These properties shew that fungin is not only dif- 
ferent from lignin, but that it bears a strong resemblance 
to the principles of the animal kingdom, (An. de Chem. 
xxix.) 


CATHARTIN. 


Senna leaves have been found, by Lassaigne and Fenu- 
elle, (An. de Ch. et de Ph. xvi.) to yield a peculiar prin- 
ciple, to which they give the name of Cathartin. By the 
addition of sub-acetate of lead to the infusion, a precipitate 
is formed, which, when acted on by sulphuretted hydro- 
gen, is freed of its lead, while cathartin is left in solution. 
To purify it, it is evaporated to dryness, dissolved in al- 
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cohol; and again evaporated. On the addition of alcohol, 
acidulated with sulphuric acid, potassa existing in the 
solution is deposited in the state of sulphate; and, by 
adding acetate of lead to precipitate excess of sulphu- 
ric acid, and sulphured hydrogen to throw down the 
lead, the cathartin is left in solution, and is obtained 
pure by evaporation. It has a reddish brown colour, and 
a bitter nauseous taste; is soluble in water and alcohol, 
but not in ether. When administered in very small 
doses, it acts as a powerful purgative. 


NARCOTIN. 


The stimulating effects of opium are supposed to be 
owing to the presence of a peculiar substance, first noticed 
by Derosne, and by Serteurner, but proved by Robiquet 
to be a distinct vegetable principle, to which he gave the 
name of narcotin. It is obtained by evaporating the 
aqueous solution of opium to dryness, digesting the re- 
sidue with ether, and evaporating, by which it is de. 
posited in slender crystals. 

Narcotin is insoluble. in water, but it is dissolved by: 
ether and by alcohol, though in the latter with difficulty. 
Though not soluble in water, yet if an acid be present it 
is dissolved, and as in opium there is always free acid, it 
is taken up in thewateryinfusion. Acetic acid seems to act 
on it, and deprive it of some of its properties; and hence 
probably, its effect in preventing the disagreeable symp 
toms attendant in some individuals on the use of opium, 

Though not apparently possessed of alkaline proper- 
ties, yet in many respects it resembles those of the vege- 
table kingdom. Thus, it unites with, or at least is acted 
on by acetic acid, and so far deprived of its properties ; 
and it contains nitrogen, which is the case with vegetable 
alkalies, (An. de Ch. xlv. An. de Ch, et de Ph. v. xxiv. 


| XXXIx.) 


CAFFEIN. 


Caffein was discovered in Coffee, by. Robiquet, and 
also by Pelletier and Caventou. It is soluble in water 
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and in alcohol. It may be volatilized by heat without’ 
undergoing decomposition. It has been analysed by 
Pelletier and Dumas, who found it composed of, 
| ~ carbon, 46.51. 0 » 
oxigen, Q7.14 
hydrogen, 4.81 
Peete nitrogen, Q1.54 — E . 
In containing nitrogen, it differs from most other vege-' 
table principles, but in this respect it resembles vegetable 
alkalies, to which class it was at one time thought to be- 
long, but it has been shewn by Robiquet, not to be pos- 
sessed of alkaline properties, (An. de Ch. et de Ph. xxiv.) 


} 


Luprvtin. 


. By beating and sifting hops, ( humulus lupulus,) an 
impalpable yellow powder is obtained,.in which, accord- 
ing to Dr Ives, the active property resides. Though 
probably containing a distinct principle, it is not to be 
considered pure, tan, wax, resin, and other substances, 
existing in it, (An. of Ph. N. 5. 1.) i ab pibeose 


ASPARAGIN. | 


. By evaporating the juice of asparagus, Robiquet and 
Vauquelin obtained minute crystals, which, when purified, 
by repeated crystallizations, beeame colourless. Consi- 
dering it the principle in which the properties of the- 
plant reside, they gave it the name of asparagin. When 
heated, it undergoes decomposition, giving the odour of 
burning animal matter, probably, therefore, containing 
nitrogen.. It is soluble in water, the solution not affect- 
ing acid or alkaline tests. It is not precipitated by ace- 
tate of lead, (An. de Ch. lvii-) ~- ids 


PIPERIN. 


- Pelletier has found that black pepper may be made to 
yield.a peculiar principle, to which he has given the 
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mame of piperin. It is obtained by evaporating an alco- 
holic solution to dryness, washing the residue with water, 
redissolving in warm alcohol, and evaporating, by which 
crystals are obtained. Though they have at first a pun- 
gent taste, they lose it by repeated solutions and crys- 
tallizations ; so that they are not to be considered as 
the active principle of pepper, (An. de Ch. et de Ph. 
xvi.) 


CoLycIntin. 


Vauquelin found, that by evaporation of the alcoholic 
solution of colocynth, a yellow substance was deposited, 
which he considered the principle peculiar to the plant, 
and therefore gave it the name of colycintin. It is spar- 
ingly soluble in water, but easily dissolved by alcohol, 
and alkaline fluids. Its alcoholic solution is-not preci- 
pitated by acetate of lead, (Quarterly Journal, XVili.) 


OLIVILE: 


“When the gum of the olive tree is dissolved in alcohol, 
and the solution concentrated byevaporation, white needle- 
formed crystals are deposited, and to which Pelletier has 
‘given the name of olivile. It is sparingly soluble in 
water, but easily dissolved by alcohol ; acetate of lead 
forms a precipitate when added. to its aqueous cat anaet 


paz of Ph. af) 


Sie tiors. 


 Sarcocoll is an exudation from the penea Wrdicdne a 
native of Ethiopia. It isin small round grains of a pale 
red or yellowish colour, having a sweetish taste. It is 
soluble in water and in alcohol, forming an adhesive so- 
lution. It is precipitated by tan, which is sufficient to_ 
distinguish it from gum, (An. de. Ch. 1xxii.) 


ULMIN. 


This vegetable principle was first discovered by Klap- 
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roth, in an exudation from a species of elm, brought from 
Palermo; and according to Berzelius, it exists in many 
other trees, particularly in the bark, from which it may 
be prepared by maceration in alcoho], and washing the 
insoluble matter first with cold, and then with warm 
water. The last contains the ulmin along with an alka- 
line carbonate, from which it can be precipitated on the 
addition of an acid. It is a dark brown substance, spar- — 
ingly soluble in water and in alcohol, but easily dissolv- 


ed by solution of alkaline caulittiates, (An. of Ph. 1 ) 


INULIN. 


The roots of the inula helenium or elecampane, of the 
colchicum autumnale, of the anthemis pyrethrum, and some 
others, contain a peculiar principle, originally discovered 
by Rose in the first named plant ; and hence called inu- 
lin. It may be procured by filtering a decoction of the 
roots, and allowing it to remain at rest for some time, by 
which a white powder is deposited. It is insoluble in 
cold, but. dissolved by hot water,. from which it is sepa- 
rated as the solution cools.. With iodine it gives a yel- 
lowish precipitate. It is converted to oxalic and malic 
acids by the action of nitric acid. Sulphuric acid dis- 
solves it without decomposition, as it may be precipitat-. 
ed from the solution by ammonia. It is thrown down 
from its warm watery solution by tannin, and the preci-, 
pitate is redissolved by water, but not till it reaches its 
boiling point. These properties are sufficient to distin- 
guish it from gum and from starch, (An. de Ch. xciv. 
and An. de Ch..et de Ph, xiv.) 3 , 


SECTION III. 


VEGETABLE ACIDS. 


¢ 
Vecrraste Acips may be divided into two classes ;— 
1st, Those that exist already formed in vegetables, and re- 
quire merely the addition of some re-agent to separate 
them from the substances with which they are united; 
2d, Those that are formed by the decomposition of NGS 
table matter. To the former belong 


Tartaric, Citric, Benzoic, Mucic, 

Oxalic, Malic, Gallic, Kinic, &c. 
To the latter, 

Acetic, Camphoric, Succinic, &c. 


AcEtTic AcIp. 


‘When the product of the acetous fermentation (p. 156:) 
is subjected to distillation, a transparent colourless fluid 
is obtained, having a fragrant odour, and an acid taste. 
It is acetic acid in a state of dilution, but containing 
also vegetable matter, which is apt to make it become 
mouldy. When distilled vinegar, as this fluid is called, 
is exposed to cold, the acid-may be obtained in a 
greater state of concentration, but by no means so much 
so as that got from other sources ; hence other methods 
are followed, by which it is procured concentrated, and 
with much less trouble. ‘These will be mentioned, after 
having described the properties of its compounds. 

Acetic acid is a transparent colourless fluid, having a 
strong acid taste, and a pungent odour. When applied 
to the skin for some time, it acts as a blister. “When ex- 
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posed to cold, it freezes; but the point of congelation 
varies according to its strength. Se 

The strong acid congeals at about 38, forming crystals, 
which liquefy at 40. - When of sp. gr. 1063, it becomes 
solid at 55, and remains so even at 70. . 

The specific gravity of this acid is not, however, a 
proof of its strength, because, during the different pro- 
cesses followed for obtaining it, part of it is decomposed, 
and gives rise to the*formation of other products. The 
only means of ascertaining its stmength, is by finding the 
quantity of alkali necessary for its saturation. er 
~ When acetic acid is exposed to the air, it gradually 
evaporates; but, if the temperature be a little elevated, 
the evaporation goes on quickly. If the heat be high it 
is inflamed; and, during its combustion, it generates 
water and carbonic acid. _ | wr 

When passed through incandescent tubes, it is decom- 
posed; and it is converted also ¢nto the usual products 
of vegetable matter, when heated with chlorate of potass, 
and with oxid of copper, as in the experiments of Gay 
Lussac and ‘Thenard, and of Berzelius, made ‘with the 
view of finding the proportions of its ingredients. As 
the acid itself contains water, the only way to arrive at 
its composition, is to decompose one of its salts, and from 
which the water can be easily expelled. _The. results of 


the analyses are: 


Gay Lussac. __ Berzelius. * probably. 
carbon, 50.224 46.83 | 4 atoms . 
oxigen, 44.147. , 46,82 _ 8atoms .. 
hydrogen; 5.629 y 6.36 2 atoms ce” 


‘and if so, its atomic weight is 62.5. 6 coimakies 
. Acetic acid has a strong attraction for water, with 
which it unites, and, during its union, evolves. caloric. 
The sp. gr. of the fluid varies according to its state of 
dilution ;. but.its strength cannot be ascertained in this 
way, the density by no means depending on the quantity 
of water.—In the Appendix is given a table of the pro- 
portions of acid and water, in fluids of different gravity. 
Acetic acid unites with the. salifiable bases, and forms 
‘salts called acetates. 9 t—™S — 
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Acetate of potassa, formerly called diuretic salt, rege- 
nerated tartar, and foliated earth of tartar, is usually in 
soft foliated crystalline pieces, having a sharp taste, and 
extremely deliquescent, becoming fluid by exposure to 
air for a very short time. When heated strongly in close 
vessels, it is decomposed, carburetted hydrogen,  car- 
bonic acid, and an acidulous fluid, come off, leaving 
charcoal and carbonate of potass. It is soluble in about 
its own weight of water at 60, and yields a transparent 
solution, but which becdines mouldy by keeping. 

According to the experiments of Wenzel, the dry salt 
is composed of 

acid, 49.85 © 1 atom, 
potassa, 50.15 1 atom. 

Dr Thomson found the crystallized salt to contain 
1 atom of salt, and 2 of water. 

Acetate of potass is always obtained by the addition 
of sub-carbonate of potass to distilled vinegar, or pyrolig- 
neous acid, evaporating the solution, exposing the resi- 
due to heat to melt it, again dissolving and evaporating. 

Acetate of soda is similar, in most of its properties, to 
the preceding, and is prepared in’ the same way. It is 
not deliquescent. When heated it undergoes decompo- 
sition, the acid giving off the same products as. those 
from acetate of potass. 

It is a compound of 

acid, 61 or 1 atom, 

soda, 39 1 atom; 
and in its crystallized state it contains 1 atom of ats and 
6 of water. 

Acetate of ammonia, htpenka in a similar manner, has 
been long known by the name: of spirit of mindererus, 
and is used. largely in medicine as a diaphoretic. It has 
a sweetish bitter taste; is: deliquescent, and soluble in 
water. It differs from the preceding acetates, in being 
easily volatilized by heat, arid condensing unchanged in — 
its properties... The crystals consist of 1 atom acid, 1 of 
base, and-7 of water. » 

Acetic acid’ unites with, the earths ead forms - salts, 

VOL. II. P 
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most of which are of very little interest; indeed, the 
only ones that claim attention, are those of baryta and of 
alumina. 

Acetate of baryta may be prepared by the addition of 
the acid to the artificial carbonate, or to the sulphuret, 
procured by the decomposition of the sulphate by char- 
coal, (vol. I. p. 478.) By evaporation of the solution, crys- 
tals are obtained, which are efflorescent, and soluble in 
about their own weight of water. It is decomposed by 
the alkalies, and by their carbonates and sulphates; and 
hence its use as a test, particularly of sulphuric acid. 
(See Mineral Waters.) : 

Acetate of alumina is a very important salt. It cannot 
be prepared by the direct union of its ingredients, the 
attraction between them being too feeble; but it is easi- 
ly obtained by decomposing an acetate, as that of lead, 
by alum, by which sulphate of lead 1s deposited, and ace- 
tate of alumina is held in solution. 

A curious circumstance has been noticed by Gay Lus- 
sac with respect to this acetate. When its solution is 
heated, even in close vessels, a considerable part of the 
earth is deposited, but is re-dissolved when the tempera- 
ture falls. 

Acetate of alumina is employed abundantly as a mor- 
dant. (See Dyewng.) 

Acetic acid acts on some of the metals, as iron, cop- 
per, zinc, tin, and lead, and oxidizes them. With the 
oxids of those on which it does not act, it may be made 
to unite by decomposition of their salts. 7 

Acetate of iron is prepared by dissolving the metal in 
the acid, or by the addition of ‘green vitriol to acetate of 
lead. The solution is of a brownish red colour, and does 
not crystallize on evaporation. It is used in calico-print- 
ing, being more easily acted on than any of the other 
salts of iron by the different re-agents employed in strik- 
ing colour. 

Acetates of copper. Acetic acid acts slowly on copper; 
first oxidating it, and then uniting with the oxid, form- 
ing verdigris, which is an acetate. It is prepared by 
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covering sheets of copper with the husks of grapes, 
which, after the juice has been expressed, have been al- 
lowed to run into the acetous fermentation. After re- 
maining for some days excluded from air, the mixture is 
moistened, and the copper gradually becomes covered 
with a crust, which, when scraped off, is dried by expo- 
sure to sunshine. 

Verdigris, as thus prepared, is of a greenish colour, 
with a slight tinge of blue. It is partly soluble in water, 
owing to a change it undergoes, and by which it is con- 
verted into two salts, a soluble super-acetate, and a sub- 
acetate, deposited in the form of a greenish powder. 

Acetate of copper is composed, according to Ure, (An. 
of Ph. N. S. iv.) and Berzelius, of 


acetic acid, 28.30, 1 atom, 
peroxid copper, 43.25, — 1 atom, 
water, 28.45, 6 atoms. 


The above is the composition of the crystallized ace- 
tate; but that of commerce contains only about 25 per 
cent. of water, and in general from 1 to 2 per cent. of im- 
purities. 

When acetate of copper is dissolved in acetic acid, it 
is converted into a bin-acetate, composed of 


acid, “ 2 atoms, 
oxid, - 1 atom, 
water, . 3 atoms. 


It is soluble in water, and crystallizes in oblique rhom- 
bic prisms. It has a disagreeable metallic taste, and acts 
as a poison. When exposed to heat, it is decomposed, 
and acetic acid is disengaged. 

_ Sub-acetate of copper is prepared by washing verdigris 
repeatedly, till the water comes off colourless. It is a 
greenish powder, composed of | atom acid, and 2 atoms 
of oxid. 

The acetates of copper are used as dyes, and they are 
employed also in medicine, as escharotics. They are 
sometimes also decomposed, with the view of preparing 
acetic acid. 

Acetates of lead. Acetic acid acts slowly on lead, first 

Bie ties 
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oxidating it, and then converting it to a salt. ‘Two com- 
pounds have been observed, an acetate and sub-acetate. 
Acetate of lead, long known by the name of saccharum 
Saturni, or sugar of lead, is formed by dissolving the car- 
bonate in acetic acid. For this purpose, thin. sheets of: 
lead are partly immersed in vinegar, kept at a slightly 
elevated temperature, by which the vapour is gradually 
decomposed, giving rise to the formation of oxid of 
lead and carbonic acid, so that the upper part of the 
metal is ultimately covered with carbonate. W hen this 
is done, it is immersed in the vinegar, and the clean sur-' 
face exposed, which, in its turn, acquires a coating of: 
carbonate, while that in the fluid is dissolved. In this 
way, by subjecting the lead to the action alternately of: 
the vapour and of the acid itself, it is completely con- 
verted to acetate. The solution, after filtration, may be 
made to yield crystals, but the salt is generally obtain- 
ed in the form of a crystalline mass, resembling loaf sugar 
in its appearance. oe pede 
Acetate of lead is soluble in about 20 parts of water ; 
but it is necessary to use it distilled, otherwise there is a 
slight decomposition, owing to the super-carbonate of 
lime always existing in common water. Should common: 
water be employed, the transparency is easily restored 
by the addition of a few drops of acetic acid. The solu- 
tion is decomposed by those acids which will form with 
the oxid insoluble compounds, as sulphuric, phosphoric, 
and muriatic, and by sulphates, phosphates, muriates, 
and carbonates. ‘The decomposition by sulphuric acid is 
important, as affording a means of preparing acetic acid. 
Acetate of lead is composed. of 


acetic acid, 26.97 1 atom, 
yellow oxid, - 58. 71os 1 atom, | 
water, 3: 14.32 3 atoms. . is 


It is used chiefly by dyers and calico-printers in the pre- 
paration of some of their mordants, as acetate of alumina, 
(see p. 226.) It is employed also in medicine as an 
astringent wash. binge ee 

Sub-acetate of lead is prepared by boiling 100 of ace- 
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tate with 150 of litharge, reduced to fine powder, by which 
a transparent colourless solution is formed, well known 
by the name of Goulard’s Extract. By evaporation, tabu- 
lar crystals may be obtained. It has a less sweet taste, 
and is not so soluble as the acetate. Its solution is 
decomposed by gum, and hence it is employed as a 
test of this vegetable principle, (p. 15): It consists of 
1 atom of acid and 3 of oxid. 

Acetate of zinc is employed as a mild astringent wash, 
and is therefore a pharmaceutical preparation. It is pro- 
cured by dissolving 3 parts of sugar of lead, and 4 of 
sulphate of zinc, each in 240 of water, and mixing them, 
by which sulphate of lead is precipitated, and acetate 
of zinc held in solution, and is procured by filtration. 

Acetic acid acts on several of the vegetable principles. 
It dissolves gluten, the volatile oils, camphor, resins, and 

gum resins, without decomposing them; for, on the ad- 
dition of an alkali, they are precipitated unchanged in 
their properties. 

Acetic acid acts with alcohol, and generates an ethe- 
rial fluid. It is prepared by the distillation of equal 
parts of acid and spirit, returning the product into 
the retort, and repeating the distillation four or five 
times, adding a little carbonate of alkali, in the last dis- 
tillation, to prevent any acid from coming off. 

Acetic ether has a pleasant odour; its sp. gr. is 866; 
its boiling point 128. It burns with a yellowish flame, 
and yields acetic acid during the combustion, though this 
cannot be detected in the ether itself. Water dissolves 

about 1-7th of its weight of it. 

- Acetic acid is generally obtained from some of the 
acetates. Three different methods of effecting the de- 
composition are followed. 1st, By heat ; 2d, by sulphu- 
ric acid; 3d, by a sulphate. 

Bin-acetate of copper is easily decomposed by heat, 
and is therefore usually employed for yielding the 
acid in this way. For this purpose, any quantity is put 
into a retort, and a slight heat applied, the vapour 


230 VEGETABLE ACIDS. 


being condensed in a receiver. What comes over first, 
being impure, must be rejected ; the remainder has a 
strong pungent taste, but a slight greenish colour, owing 
to the presence of impurities, from which it may be 
freed by cautious re-distillation. The product is of 
sp. gr. from 1056 to 1080, the lightest being obtained 
towards the end of the process. If in the preparation of 
the acid in this way, different receivers be employed, so 
as to collect the product at the different stages of the 
process, that last obtained, and which is of light specific 
gravity, is found to contain little acid. By the addition 
of potassa, and re-distillation, it yields, according to De- 
rosne, (An. de Ch. Ixiii.) an etherial fluid, to which he 
has given the name of hydro-acetic ether, and which seems 
to be formed by the decomposition of the acid. 

Hydro-acetic ether may also be procured from other 
acetates, as that of lead. It is volatile and combus- 
tible. It is dissolved by water, alcohol, and oil, both 
essential and unctuous. Its sp. gr. according to Mac- . 
caire and Marcet, is only ‘786. Its boiling point 138. 

Since this etherial fluid is so easily generated by the 
distillation of acetates, it is evident, that to get a strong 
acetic acid, the first and last portions of the product of 
the distillation ought to be rejected. 

Acetic acid may also be procured by the decomposi- 
tion of an acetate by sulphuric acid. Acetate of lead, of 
potass, or of soda, is commonly employed. The alkaline 
acetates with a half, or the metallic one with a fourth 
of its weight of sulphuric acid, is placed in a retort, and 
distilled by a slight heat till it ceases to give off vapour. 
Acetate of soda or potass is easily prepared for this pur- 
pose, by mixing sulphate of soda and acetate of lead, fil- 
tering and evaporating to dryness. ‘The acid obtained 
by these processes, contains a little sulphurous acid, from 
which it is freed, by re-distillation from black oxid of 
manganese, or from acetate of lead. 

Lastly, acetate of lead may be decomposed by sulphate 
of iron, which is the process given in the Edinburgh 
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Pharmacopoeia, with the view of preparing the acidumnt 
aceticum forte. One pound of dried sulphate is mixed 
with ten ounces of acetate, and distilled by heat cau- 
tiously applied. In this instance, the sulphuric acid and 
oxid of lead unite, while the acetic acid, owing to the 
heat, is prevented from uniting with the iron, it there- 
fore comes over in vapour ; but as thus procured, it is by 
no means so strong as that prepared by the other pro- 
cesses, and it has also a disagreeable empyreumatic odour, 
from which it is difficult to free it. 

The acid obtained by the two first processes, may be 
purified by repeated distillation, and by subjecting the 
product to cold so as to congeal it. The solid matter, 
when freed by straining from the unconsolidated part, 
and melted, contains about 80 per cent. of real acid. 

Acetic acid is now procured in great abundance, in a 
state of dilution, however, by the distillation of wood, 
from which it comes over mixed with tar, and is purified 
by repeated distillations, and filtration through animal 
charcoal. It is in this state, and under the name of py- 
roligncous acid, that it is now employed in the prepara- 
tion of the different acetates used in the arts, (p. 158.) 
The strong acid is employed chiefly as an aromatic, being 
mixed with oil of cloves and camphor. It is used also 
as an escharotic, particularly for removing warts. 


TartraRgic ACID. 


The substance deposited from wine, called tartar, has 
been long known to contain a peculiar acid, in union 
with potassa, which was formerly called tartarous, but 
now tartaric acid. Scheele first pointed out the me- 
thod of obtaining it pure, by the decomposition of 
tartar by means of lime. For this purpose the tartar 
is dissolved in water, and to the solution, after 
filtration, carbonate of lime is added, till it ceases 
to redden litmus, by which the lime is deposited 
in union with the excess of acid existing in the tartar. 
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The precipitate, when washed and dried, is mixed with 
half its weight of oil of vitriol, by which sulphate of 
lime is formed, and tartaric acid set at liberty; and as 
the former is sparingly soluble, the latter is procur- 
ed by filtration, and by evaporation. may be obtained 
in crystals. To ascertain if it is free from sulphu-— 
ric acid, add to its solution that of acetate of lead, by 
which a white precipitate is formed. If this is entirely 
soluble in nitric acid, it is pure tartrate of lime; but if 
only partly soluble, it.is a mixture of tartrate and sul- 
phate, shewing that the acid is contaminated with sul- 
phuric acid. ‘To remove this, it must be mixed with an 
additional quantity of tartrate of lime, by which the 
earth and sulphuric acid will combine, and thus leave 
the tartaric acid pure. 

The crystals of tartaric acid vary in form according to 
the mode of preparation.. When heated to about 212 they 
melt, and at 250 begin to boil and pass off in vapour. When 
the temperature is high, they undergo decomposition, an 
acid called pyro-tartaric and an oily fluid are condensed 
in the receiver, carburetted hydrogen and carbonic acid 
gases are disengaged, and carbon remains in the retort. 
‘Tartaric acid, therefore, contains the usual ingredients 
of vegetable matter. The experiments of Berzelius and 
Dr Ure, made with the view of ascertaining the propor- 
tions, very nearly agree. ‘The results are, 

Berzelius. . Ure. Probably 


carbon, 35.98 31.42 4 atoms = 86.36 
oxigen, 60.28 . 65.82 5 do. = 60.61 
hydrogen, 3.74 2.76 , 2.do. =. 3.03 


100.00 100.00 100.00 
If the above is correct, the atomic weight of tartaric acid 
is 82.5. | 
The crystallized acid seems composed of an atom of 
acid and of water. 
Tartaric acid is very soluble in water, so much so, 
that a solution of a thickish consistence can be formed, 
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which ‘is not apt to become mouldy unless when di- 
luted. =! | 

By digestion in nitric acid, Hermstaedt found that it 
was converted to oxalic acid. 

Tartaric acid unites with bases, and forms tartrates, 
and it has also the property of forming triple compounds 
with the alkalies and metallic oxids. 

Tartrates of Potassa. ‘There are two compounds of 
tartaric acid and potass, a tartrate and bi-tartrate. 

Bi-tartrate, commonly called super-tartrate and cream 
of tartar, has been long known as a distinct salt. It is 
procured from crude tartar by solution, filtration, and 
evaporation, by which crystals may be procured ; or by 
continuing the evaporation, it is separated in the form of 
powder, which during the ebullition rising to the’ sur- 
face is skimmed off, and hence the name cream of tartar. 

It has a sour though not unpleasant taste. When 
heated it undergoes complete decomposition, and is con- 
verted to carbonate of potass, mixed with charcoal, while 
at the same time olefiant gas and an acidulous fluid are 
disengaged. All of these, except the potassa, are the 
products of the decomposition of the acid, the olefiant 
gas being formed by the union of part of its carbon’ and 
hydrogen, the acidulous fluid, by the combination of car- 
bon, oxigen, and hydrogen, while the carbonic acid is pro- 
duced by the carbon uniting with oxigen. The residue of 
this process is commonly called black flux, being much 
employed in chemical analysis. As it contains carbonate 
of potass, the decomposition constitutes the process for 
procuring the carbonas potasse purissimus of the Phar- 
macopoeia, and which consists merely in burning cream 
of tartar in a ladle, till it ceases to give off fumes, dis- 
solving the residue, filtering and evaporating to dryness, 
by which a white pulverulent salt is obtained, and hence 
the name salt of tartar, frequently given to it. 

Super-tartrate of potass is sparingly soluble, requiring 
about 60 of cold, and 30 of boiling water to dissolve it. 


The solution has a sour taste, and reddens vegetable 
blues. 
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When, instead of burning super-tartrate alone, it is 
deflagrated with nitre, the product is the same, more of 
the carbon being converted to carbonic acid, to unite 
with the potassa. ‘This process is also followed in the 
preparation of black flux, and of carbonate of potass. 

Super-tartrate is, according to Berzelius, composed of 


acid, 70.45 or 2 atoms 
potass, 24.80 1 do. 
water, 4.75 1. do. , 


It is used in medicine as a gentle laxative, and in so- 
lution as an acidulous drink. It is employed for yield- 
ing its acid, and the other compounds containing its 

Tartrate of potass is prepared from the bi-tartrate, ei- 
ther by the removal of the excess of acid by lime, as in 
the first part of the process for procuring the acid, 
(p. 231.) or by neutralizing it by carbonate of potass ; 
and when this last is followed, it is best to have the alka- 
line carbonate in solution, and add the cream of tartar to 
it, because little water is required, and of course evapo- 
ration is saved. It is obtained in flat prismatic crystals, 
containing 2 atoms of water, and 1 of salt, composed of 
an atom of acid and alkali, or just half the acid that 
exists in the super-tartrate. 

It is much more soluble than the preceding, requiring 
only about its own weight of water to dissolve it, and 
hence called soluble tartar. It is decomposed by heat, 
and converted to carbonate of potass. The acids de- 
prive part of it of its potass, and the acid set free, unites 
with the remainder to form super-tartrate. 

Tartrate and super-tartrate of soda are both soluble, 
and. hence tartaric acid is employed as a means of distin- 
guishing potassa from soda, when an alkaline matter has 
been detected in a fluid. (See Mineral Waters. ) 

Tartrate of potassa and soda may be formed by the 
neutralization of the excess of acid in cream of tartar, by 
carbonate of soda. It has been long known by the name 
of Rochelle salt. It is soluble, requiring about 5 of cold, 
and much less of boiling water, to dissolve it. It is com- 
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posed of 1 atom of tartrate of potass, and 1 of tartrate 
of soda, or 54 to 46. 

Tartaric acid unites with the earths; the only salt of 
any consequence is 

Tartrate of lime, as from it tartaric acid is procured. 
It is formed as already described, (p. 231.) by the addi- 
tion of carbonate of lime to super-tartrate of potass. It 
is sparingly dissolved by water, but an excess of acid 
renders it more soluble. It is composed of 1 atom acid, 
1 atom lime, 4 atoms water. 

‘Tartaric acid acts on some of the metals, as iron, zinc, 
and mercury. The alkaline tartrates cause precipitation 
with some of the metallic salts, as with those of gold, 
platinum, silver, &c. 

The only compound of any interest, containing an 
oxid of the common metals, is that with antimony, and 
which, besides tartaric acid and oxid of antimony, con- 
tains also potass, so that it is a triple salt. 

Lartrate of antimony and potass, long known by the 
name of tartar emetic.—Various processes have been re- 
commended for procuring this salt. They all consist of 
two parts: lst, procuring an oxid of antimony; 2d, caus- 
ing this oxid to unite with the acid and potass. The 
methods of preparing the oxid have been already de- 
scribed, (p. 64. & 68.) The second part of the process is 
the same in all the pharmacopeias. It consists merely 
in boiling the; oxid along with super-tartrate of potass, 
the excess of acid of which is neutralized, and thus the 
triple salt is formed. Being soluble, it is taken up by the 
water and deposited when the solution cools in the form 
of transparent colourless tetrahedral crystals. 

In the preparation of tartar emetic, the Edinburgh Col- 
lege uses the oxid prepared by deflagrating the sulphuret 
with nitre; the London orders the oxid procured by 
roasting the sulphuret ; and the Dublin, the precipitate 
from the muriate by theaffusion of water, which,when dried, 
is also oxid. The last is by far the best process, as not 
only least troublesome, but affording the salt freest from 
impurities, for in the other ways of preparing the oxid, 
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the iron and lime always existing in the sulphuret, _are 
dissolved by the tartaric acid, and are deposited during 
the crystallization, whereas the antimonial oxid preci- 
pitated by the Dublin process, is free from impurities. 

Tartrate of antimony and potass is decomposed by heat. 
It is soluble in about 14 of cold, and in 2 of boiling 
water; but it is difficult to keep it in solution; it very 
soon becomes mouldy from the decomposition of the 
acid; and hence the orders given in the pharmacopceia 
for having it dissolved in wine, (antimonial wine,) in 
which it may be kept without undergoing any change. 
The watery solution is decomposed by hydro-sulphurets, 
which throw down an orange-coloured hydro-sulphuret of 
the oxid, and by ammonia, which precipitates the oxid 
pure. : | 
- According to Thomson, (First Pr.) tartar emetic is 
composed of, | 
tartaric acid. - 2 atoms 
potassa 1 do 
protoxid antimony 3 do: 
with which the analysis of Phillips, (An. of Ph. ix.) very 
nearly agrees. : Pe | 

According to the former, the crystals contain 1 atom of 
salt and 2 of water ; but according to the latter, 1 to 3. 

Tartrate of antimony and potass is employed in medi- 
cine as an emetic and diaphoretic, for both of which pur- — 
poses it is well adapted. : 

Tartaric acid is used chiefly by calico-printers in the 
preparation of some of their mordants. It is employed 
by chemists, principally as a test of potassa. — : 

It has been mentioned, (p. 232.) that when super- 
tartrate of potass is exposed to heat in a retort, an acidu- 
lous fluid is given off, and a white crystalline matter is 
deposited on the neck of the vessel. This, with the 
fluid, contains a peculiar acid called pyro-tartaric, which 
may be procured from the latter by evaporation. It 
has a sour taste, and may be sublimed without under- 
going decomposition. It is soluble in water, and its $0- 


== bitartrate of potass 57.38 
= oxid of antimony 42.62 
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lution does not precipitate some of the metallic salts 
which are decomposed by tartaric acid, nor does it form 
a sparingly soluble compound with potassa,—properties 
sufficient to distinguish it from that acid ; and as acetate 
of lead is decomposed by it when in union with an al- 
kali, it is altogether different from acetic acid. 


Oxatic Acti. 


The leaves of sorrel, particularly of the oxalis aceto- 
sella, when expressed, yield a juice, which contains potassa 
in union with an acid of a peculiar nature called owalic, 
from which it can be obtained in its uncombined state ; 
but it is seldom prepared in this way. It has been al- 
ready repeatedly mentioned, that vegetable bodies, in 
general, yield oxalic acid, when treated with nitric acid ; 
and hence the method usually followed in procuring it. 
For this purpose sugar is generally employed. Six ounces 
of nitrous acid are poured on an ounce of loaf sugar, 
placed in a retort having a receiver adapted to it, and 
kept cold ; a slight heat is applied, but removed when the 
action commences; and after it has ceased, it must be 
renewed to distil off a part of the fluid. The residue, 
while hot, is poured into an evaporating basin, and, when 
cold, crystals of oxalic acid are deposited, which must 
be purified by solution and re-crystallization. 

During the preparation of the acid, a large quantity 
of nitric oxid is disengaged, which, combining with the 
oxigen of the air in the apparatus, ‘is eonildniged in the 
form of nitrous acid ; and hence the necessity of adapting 
a receiver, not only to prevent the escape of the noxious 
fumes, but also to lessen the expense of the process. 
Carbonic acid gas isalso disengaged. 100 parts of sugar 
yield about 50 of acid. 

Oxalic acid is obtained in small prismatic crystals, very 
much resembling those of sulphate of magnesia; for 
which, indeed, it has been frequently mistaken; and 
as it acts as a most virulent poison, fatal accidents have 
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occurred from its having been taken instead of Epsom 
salts. From this, however, it is easily distinguished by 
its acid taste, or by its exciting effervescence when added 
to carbonate of potass or of lime. (2 Teh 
The crystals of oxalic acid are soluble in about 15 of 
cold, and in their own weight of water at a boiling heat. 
The solution is transparent and colourless, has an ex- 
tremely sour taste, and reddens vegetable blues ; 1 of acid. 
dissolved in 3600, being sufficient to affect litmus paper. 
When oxalic acid is exposed to heat, part of it sub- 
limes undecomposed, the remainder comes off in the 
form of gaseous products, leaving charcoal in the retort. 
By returning the sublimed matter into it, and repeating 
the application of the heat, the whole may be destroyed ; 
but it is difficult to ascertain the proportion of its ingre- 
dients in this way, not only from the imperfect decompo- 
sition of the acid, but also from the difficulty of getting 
it free from water. It has been analyzed when in union 
with a base, in which state it may be obtained quite 
anhydrous. The results of theanalyses by Gay Lussac and 


Thenard, and by Berzelius, are very nearly the same : 
Thenard. Berzelius. 


carbon, 33.217 38.222 
oxigen, 66.290 66.534 
hydrogen,  .493 244: 

In these results the quantity of hydrogen is not suffi- 
cient to make up an atom, which led to the suspicion 
that it was foreign; and that, accordingly, oxalic acid 
did not contain any; an opinion at first advanced by 
Dobereiner, and proved satisfactorily by the experiments 
of Ure, (Ph. Tr. 1822,) and of Thomson, who agree in 
making it a compound of 

carbon, 33.34 or 2 atoms = 15 R oie 4b 
oxigen, 66.66 3atoms=30$ § ” 
or its composition may be thus stated ; 
carbonic acid, 1 atom 27.5) __ 45 
carbonic oxid, 1 atom 17.5 § ot . 

Oxalic acid differs, therefore, from other vegetable 

acids, in not containing hydrogen, and since sugar, 
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from which it is formed, has the three usual ingre- 

‘dients of vegetable matter, we can easily account for the 
changes accompanying its formation; for, since nitric 
‘oxid is given off along with carbonic acid, oxigen must 
be taken from the nitric acid, and consumed in removing 
part of the carbon, and the whole of the hydrogen of the 
sugar that has been converted into oxalic acid. 

Oxalid acid, in its crystallized state, contains, according 
to Thomson, no less than 50 per cent. of water, being a 
compound of 1 atom acid and 4 of water. 

Oxalic acid unites with bases, and forms owalates ; 
and it has the property also of forming triple salts 
| Oxalates of potass. Oxalic acid forms three salts with 
potassa ; an oxalate, a bin-oxalate, and quadr-oxalate. 
The only one of any interest is the second. 

Bin-oxalate of potass exists native in the leaves of 
the oxalis acetosella, and rumex acetosa, from which it 
may be procured by expression; but it is obtained more 
easily by the addition of the acid, in excess, to the carbo. 
nate of the alkali, by which minute crystals are depo- 
sited. It has an acid taste, and is soluble in about 60 
parts of water. The solution is much employed for re- 
moving iron stains from cloth, the excess of acid uniting 
with the oxid of iron, and forming a soluble compound. 
For this purpose, it is sold under the name of salt of sor- 
rel, or essential salt of lemons, being disguised by the ad- 
dition of essential oil of lemons. In removing iron 
stains, the cloth, after being wetted, is rubbed over with 
the salt, which is left on for some time, and then washed 
off. Should the stain not be removed, the process must 
be repeated. 

The three oxalates of potass are composed of 


Oxalate. ( Bin-oxalate. Quadr-oxalate. 
acid, 43 or 1 atom, 60 or 2 75 or 4 
bases,57 1 atom, 40 1 25 ok 


Oxalate of ammonia, formed by the neutralization of the 
acid by carbonate of ammonia, is an important com- 
pound, being much employed in analysis, with the view 
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of detecting lime. It may be procured in the form of 
crystals, but it is generally kept in solution. It isa 
compound of 1 atom of acid, and 1 of base. 

Oxalate of lime may be formed by the addition of oxalic 
acid to lime water, or of an oxalateto a salt of lime, by which 
a white powder is precipitated. It is insoluble. When 
heated to redness, it is decomposed, and converted to 
carbonate of lime; and, if the heat be intense, the whole 
of the acid is expelled, and pure lime is left. It is com- 
posed of | 

acid, 1 atom or 43:75 Gd 
lime, latom 56.25. 4. 4-7 §~ 

From the ease with which oxalic acid, and’ its com- 
pounds, act on lime, they are employed to detect it ; and. 
the test is so extremely delicate, that it will indicate its — 
presence though dissolved in at least a million parts of 
water, (See Mineral Waters. ) | 

Oxalate of magnesia is soluble in water 5 accordingly, 
when a solution of oxalate of ammonia is mixed with a 
fluid containing calcareous and magnesian salts, the former 
only is precipitated, and hence a good method of . sepa- 
rating lime from magnesia when together in solution. ~ 

Oxalic acid acts on some of the metals. It unites with 
their oxids and forms salts, most of which are insoluble. 
When these are exposed to heat, they are decomposed, 
and, in some instances, the metal is left in its metallic 
state, as is the case with those which are neutral, and 
contain protoxid ; because, as the acid requires but 1 
atom of oxigen to convert it to carbonic acid, the oxigen 
from the base passes to it, and carbonic acid and metal | 
are the result. Hence the method of procuring some of — 
the metals in their metallic form, particularly those ob-— 
tained with difficulty from the substances with which 
they are usually mixed. io G2 

Oxalic acid, it has been already noticed, exists in a state | 
of combinaticn in the leaves of sorrel. It is found also — 
in union with lime in different plants, particularly those | 
of the cryptogamious class. It is supposed that oxalate | 
of lime may bear the same relation to eryptogamia that — 


4 
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¢arbonate of lime does to corals, and phosphate of lime 
to bones. | p 

Oxalic acid is used for cleaning boot tops; and as it 
‘acts easily on oxid of iron, and forms a soluble com- 
pound, it is employed for removing iron stains and ink 
spots from cloth, being used in the same way as the salt 
of lemon, (p. 239.) 


—Ctrrie Acrp. 


Citric acid exists in considerable quantity in the juice 
of limes and of lemons, (citrus medica,) and from which 
it is always obtained by the process originally recom- 
mended by Scheele. For this purpose, the juice, after 
filtration, is heated, and mixed with chalk as long as 
there is any effervescence, weighing the quantity em- 
ployed. Citrate of lime is deposited, and is to be wash- 
ed repeatedly with cold water, after which it is to be 
mixed with sulphuric acid, equal in weight to the chalk 
used, and diluted with about 10 parts of water, stirring 
the mixture constantly, to bring the whole of the citrate 
in contact with the acid, and prevent the vegetable acid 
liberated from being decomposed. Sulphate of lime is 
deposited, and citric acid held in solution, and is sepa- 
rated by filtration. The fluid is then to be evaporated 
by the application of a slight heat, by which crystals are 
obtained ; but they require to be frequently dissolved and 
crystallized, to free them from colouring matter. In 
conducting this process, iron vessels must be avoided, 
nor should iron instruments be used to stir the mixture, 
because the acid acts so easily on it, and acquires a 
brownish colour, (Parke’s Chem. Essays.) - gle 
- Citric acid, as thus obtained, is in regularly formed; 
transparent, octohedral, and sometimes rhomboidal pris- 
matic crystals, soluble in less than their weight of cold, 
and in half their weight of boiling water. The solution 
has a sour taste, reddening vegetable blues; but it is apt 
to become mouldy when kept. The crystals do not suffer 
any change by exposure to air. When heated, they 
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Josée their water of crystallization, and are decomposed, 
even before the whole is expelled; hence, in ascertaining 
the proportions of the ingredients by destructive distil- 
lation, it is necessary to employ one of its salts. It has 
‘been analyzed by Gay Lussac, Dr Ure, Berzelius, (An. 
of Ph. v.) and Dr Thomson; (First Pr.) the results of 


the two last very nearly agreeing. They are, =” 
Berzelius. Thomson. 
carbon, 41.369 .41.379 = 4 atoms, | 
oxigen, 54.831 55.173 = 4 on — {25 
_ hydrogen, 3.8 3.448 == 2 atoms, 


The crystals contain 1 atom of acid and 2 of water. ; 
_ Nitric acid decomposes it, converting it first to oxalic, 
and. if the action be continued with more nitric acid, 
acetic acid is generated. eo 
_. Citric acid forms with salifiable bases salts called ceérates. 
Those of the alkalies are soluble; of the earths, in gene- 
ral insoluble. Some of the metals are easily acted on by 
it. Iron and zinc, for instance, are dissolved with effer- 
vescence, and. converted to citrates. _ When iron filings 
are kept in the acid, a solution is formed, which gra- 
dually deposits, a white powder, consisting of proto-ci- 
trate, but which, by the absorption, becomes per-citrate, 
of a brownish colour. 

An alkaline citrate precipitates many of the metals 
from their solution, as lead, silver, &c. ; 

Citric acid, or rather lime juice, is employed as an 
acidulous drink, and‘in preventing scurvy. It is used 
also, either in the state of lime juice, or crystallized, in 
the. preparation of , effervescent draughts. For this pur- 
pose, equal weights of the powder of the crystals of citric 
acid, and.of bi-carbonate of soda, are dissolved in sepa- 
rate portions of water, which, when the solution 1s com- 
pleted, are to be mixed and instantly swallowed, so that 
the carbonic acid may be taken into the stomach. 
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Matic Acip. 


Malic acid exists in the juice of apples, gooscberries, 
and many other fruits. Vauquelin found it in the juice 
of the common house leek, and Donovan in that of the 
service tree, {sorbus aucuparia,) and described it under 
the name of sorbic acid. 

Different processes have been recommended for pro- 
curing it. They all consist. in uniting it with a base, 
as with lead, which is afterwards to be separated by 
the addition of an acid, or of sulphuretted hydrogen. 
The process recommended by Donovan for procuring it 
from the juice of the service tree, and which will apply 
to the other substances in which it exists, is to add to 
the juice obtained from the berries by expression, and 
decolorized by filtration through charcoal, a solution of 
acetate of lead as long as it throws down a precipitate, 
which is malate of lead. Having washed this with cold 
water, to carry off colouring matter, it is then to be dis- 
solved in boiling water, and the solution set aside to crys- 
tallize. The crystals are next to be mixed with sulphu- 
ric acid, using less than is requisite for their complete 
decomposition, by which sulphate of lead is deposited, 
and malic acid held in solution, and may be procured by 
filtration ; and to remove any lead with which it may be 
contaminated, it is subjected to the action of sulphuret- 
ted hydrogen, and then boiled to expel the superfluous 
gas, and again filtered. The acid solution thus ob- 
tained, is generally of a pale brownish colour, but be- 
comes colourless when purified by repeated solutions. On 
evaporation, it yields malic acid in the form of a thick 
syrup. 
~ When malic acid is exposed to heat, along with oxid 
of copper, it is decomposed; and hence the method fol- 
lowed by Vauquelin in analyzing it. According to him, 
it is composed of 
; Probably 


carbon, 28.3 3 atoms, ; 
oxigen, 54.9 4 atoms, } ene OTR 
«- hydrogen, 16.8 10 atoms, 


a 
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It unites with bases, and forms malates, which have, 
however, been but little examined. ‘Those containing 
the alkalies are soluble and deliquescent. Malates of 
lime, baryta, strontia, and magnesia, are soluble, but 
that with alumina is insoluble. es a i 
Malic acid acts on few of the metals, but it unites with 
the oxids, and forms compounds, most of which are in- 
soluble. | 

Malate of lead is formed by the addition of the acetate 
to the acid, or to any of its soluble salts. It is easily 
decomposed by sulphuric acid, and hence its use in the 
preparation of the acid. AS. 

- Besides the sources already mentioned, from which 
malic acid is procured, it may be also obtained by the 
action of nitric acid on sugar. It has been already men- 
tioned, that the fluid from which the crystals of oxalic 
acid are procured, (p. 237.) consists partly of oxalic, 
partly of malic acid. To obtain it from this, lime is 
added, by which oxalate of lime is deposited, and malate 
of lime held in solution. After filtration, the malate may 
be precipitated by alcohol, and again dissolved in water, 
and decomposed by acetate of lead, and from the malate 
the. acid may be obtained, as already described. : 

Malic acid is not put to any particular use. 


Benzoic ACID. 


"It has been already mentioned, that balsams owe their 
peculiar fragrant odour to the presence of an acid called 
benzoic. From these it is procured im different ways. 
The simplest is to place any quantity of gum benzoin 
‘nto a common subliming vessel, and apply heat; the 
balsam is at first melted, and a vapour arises, which is 
quickly condensed in the cool part of the apparatus, in 
slender silky crystals. They are benzoic acid, but ren- 
dered impure by the presence of a little volatile oil, to 
free it from which they may be dissolved in, alcohol, and 
precipitated by water ; or. they may be taken up. by an 
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alkaline solution, and thrown down by the addition of a 
weak acid. 

The solution and precipitation constitutes another 
mode of procuring the acid. It is the one ordered by 
the Edinburgh College. For this purpose, 3 parts of 
benzoin are boiled with 1 of carbonate of soda, in suc- 
cessive portions of water, and the fluid filtered, by which 
benzoate of soda is obtained, and after concentrating by 
evaporation, diluted sulphuric acid is added as long as it 
throws down any precipitate, which is to be washed with 
a little cold water, and, when dried, sublimed to get it 
in crystals. 

* Benzoic acid, as generally obtained, is in soft needle- 
formed crystals, having a peculiar pleasant odour. When 
exposed to a moderate heat, it is sublimed and condensed, 
unchanged, in the cool part of the apparatus; but when 
the temperature is high, it is decomposed, and the usual 
products are given off. It is difficult, however, nay, 
almost impossible, to decompose it in this way, owing to 
its volatility. It has been analyzed by Berzelius and Ure, 
the former of whom seems to have given the most correct 
view of its composition. It is, according to him, com- 
posed of 


or rather 


carbon, 74.41 — -5 atoms, 15, 
oxigen, 20.43 = 1 atom, 3, 
hydrogen, 5.16 — 2 atoms, 6, 


because, by the decomposition of some of its compounds, 
the atomic weight has been found to be 150, a number 
according with the last view of its composition. 
4.5x15410 341.25 x 6 =—150, (First Pr.) 
Benzoic acid is sparingly soluble in water, requiring 
24 parts, at a boiling heat, for solution, from which 
almost the whole is deposited, when the temperature falls. 
_ It unites with the salifiable bases, and forms benzoates. 
The salts, however, present little of any interest. The 
benzoates of the alkalies, of lime, baryta, strontia, and 
alumina, are soluble. Those of the metals are in general 
also soluble, but that with iron is insoluble; and hence 


246 VEGETABLE ACIDS. 


Berzelius has proposed to use benzoic acid, or rather’a 
benzoate, with the view of precipitating iron from any of 
its solutions, and thus ascertaining its quantity. The 
precipitate is of a brownish colour, supposing a per-salt to 
be employed, and after being dried at 212, is composed 
of 1 atom acid, 1 of peroxid, t.e.15 to 5; so that 1-4th 
of its weight gives the oxid of iron existing in it. Ben- 
zoate of lead is insoluble, so that it is necessary to re- 
move it, if present, by the addition of sul pEee - a 
before adding the benzoate. 

Benzoic acid is contained in all balsams, and in differ. 
ent plants. It has been found also in the urine of grami- 
nivorous animals, and in that of children. Its chief 
source is gum benzoin, or benjamin, the produce of the 
styrax benzoina, from which it is always obtained as 
already described. | 


It is used chiefly as an aromatic. 


GALLIC AcIp. 


It has been already mentioned, that tannin, as usually 
procured from nut-galls, contains also a peculiar acid 
called gallic, intimately connected with it, and nearly al: 
lied to: it in many of its properties. It was first obtained 
in its insulated form by Scheele, but it had been previ- 
ously examined, in union with tan, by other chemists. 

The process followed by Scheele in preparing it, is ex- 
tremely simple, and with some slight modifications re+ 
commended by Braconnot, (An. de Ch. et de Ph. ix.) is 
the one generally followed. For this purpose the galls 
are infused in water for some days, and the-solution, after 
filtration, exposed in open vessels for several weeks, ~by 
which minute crystals are gradually deposited. By far- 
ther evaporation, and exposure to air, more crystals 
are obtained. These are next kept in boiling water 
for some time, to separate the acid from an insoluble 
matter with which it is mixed, and the solution by fil- 
tration, and exposure to air, yields crystals of gallic acid. 
As thus obtained, they are of a pale brown colour, but 
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by dissolving them, and passing the solution through:ani- 
mal charcoal, previously washed with muriatic acid, 
they may be procured transparent and colourless. 

Gallic acid may be also obtained by sublimation from 
galls, as recommended by Deyeux, (Crell’s Annals, 1.) 
or by precipitating the tan and extract from galls, by 
boiling with alumina, and then exposing. the ‘filtered 
fluid to air, (Nich. Journ. 1.) The tannin may also be. 
previously thrown down by albumen, or by gelatin, the 
former derived from white of eggs, the latter from isin- 
eas, (Quarterly Journal, VI.) 

Gallic acid, when pure, is transparent and oleticieeso 
It has a sour unpleasant taste, and when heated strongly 
in air, is inflamed, and during its combustion emits an aro~ 
matic odour. Exposed to heat in close vessels, it is de~ 
composed, and yields the usual products. It has beer 
analysed by Berzelius, and found to contain, (An. nm 
Ph. v.) , 
carbon, 56.64 
oxigen, 38.36 
hydrogen, — 5. : 

“It is not altered by exposure to air. It is soluble im 
about 24 parts of cold, and in 3 of boiling water. The 
solution is, however, slowly decomposed, acquiring ® 
mould on its surface. 

- Nitric acid converts it to oxalic acid. 

- It unites with bases, and forms gallates.. Those of the: 
bihelien’ are soluble ; path lime, dad ges and strontia, Inso-. 
luble. 

» When the acid itself is added to ‘the palts: of ghicino, 
attra. and zirconia, it occasions precipitation, owing: ‘to 
the strong attraction existing between them. 

It precipitates many of the metals from their salts. 
That with iron is black ; with lead, white ; copper, gold ; 
and: silver, brown. -In tie preparation of -ink, -already 
described, (p. 201.) the black precipitate mist. be con- 
sidered to contain the: oxid of iron, in combination’ not 
only with tannin, but also with gallic acid; for both of 


248 VEGETABLE ACIDS. 


these exist in the astringent matter cota: in its den 
nufacture. > Teer 


Meconic Acip. 


_ When an infusion of opium is boiled with magnesia, : 
with the view of preparing morphia, (Se Vegetable Al- 
kalies,) and the narcotic principle has been removed by 
alcohol, an insoluble matter remains, which is a com- 
pound of the earth, and a peculiar acid, to which the 
name of meconic has been given, (unxay, poppy.) ‘To pro- 
cure the acid from it, it is dissolved in diluted sulphuric 
acid, and by the addition of muriate of baryta, sulphate 
and meconate of baryta are precipitated. By dissolving 
the precipitate in warm diluted sulphuric acid, filtering 
and evaporating, crystals of meconic acid are obtained.) 
An easier method of preparing it, has been lately recom-: 
mended by Dr Hare, (Lond. Quarterly Journ. N. S. iii.). 
To an aqueous infusion of opium, add sub-acetate of 
lead, by which meconiate of lead is deposited, and from 
which, after being washed, the oxid may be removed by 
sulphuretted hydrogen, and the acid left in solution. — 

Meconic acid is soluble in water and in alcohol, the 
solution reddening vegetable blues. When exposed to 
heat, it undergoes decomposition. It changes the solu- 
tion of salts of iron, with the maximum oxid, to a bright 
red, and those of copper to an emerald green. It does 
not possess any of the narcotic properties of opium, in 
this respect differing from morphia. 

It is supposed by Serteurner to exist in sre in 
union with morphia. ; nets 


Kinic Acip. 


When the solution of Peruvian bark in cold water is 
concentrated by evaporation, crystals are gradually de- 
posited, which consist of lime and a peculiar acid 
called kinic, from which, when dissolved, the lime can 
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be precipitated by oxalic acid. The solution after fil- 
tration crystallizes. 

Kinic acid is distinguished from others, by forming 
a soluble salt with lime, and in not precipitating lead 
_ from its solutions. 

Besides the acids described, others have been mention- 
ed by different chemists. Many of these, however, have 
now been found to be merely the common acids disguised 
by the presence of some vegetable principle; but others 
still maintain their title to be considered distinct acids, 
though their proper ties have not been minutely investigat- 
ed. Such are isaguric acid, discovered by Pelletier and. ’ 
Caventou, in St Ignatius’s bean, (An. de Ch. et de Ph. 
viii.) ; ellagic acid, existing in nut-galls, described by 
Braconnot, (same work, ix.) ; boletic acid, discovered by 
the same chemist in the boletus pseudo-ignarius, (An. of 
Ph. ii.) and moroxylic acid, found in the fruit of the sor- 
bus alba, (Nich. Journ. viii.) 


SECTION IV. 


VEGETABLE ALKALIES. . 


Or late several vegetable substances employed in medi- 
cine, have been found to contain peculiar principles,’ in 
which the active qualities reside, and which, from their 
neutralizing acids, and forming’ with them soluble salts, 
bear a strong resemblance to the alkalies. 

They exist in the different plants from which they 
have been procured, in a state of combination with an 
acid ; and as their salts are soluble, and are easily decom- 
posed, the process followed in procuring them, consists 
merely in the removal of this acid, and also of the other 
vegetable substances with which it may be mixed. The 
method in general practised for decomposing the salts, is 
by the addition of an alkali or earth, which uniting with 
the acid, precipitates the vegetable alkali. But as it is 
not pure, it may be dissolved by warm alcohol, and while 
hot, filtered through animal charcoal, after which it is 
deposited when the solution cools; or the precipitate 
may be dissolved by a weak acid, as acetic, in this state 
filtered through charcoal, and then precipitated by an- 
other base, as ammonia. 

The vegetable alkalies are sparingly soluble in water, 
and in cold alcohol; but the latter when warm easily dis- 
solves them, and of course deposits them when its tempe- 
rature falls. They are destructible by heat, and what is 
very remarkable, they all yield ammonia by their decom- 
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position, shewing that in addition to the usual ingre- 
dients, they must also contain nitrogen. They have a 
weak affinity for acids, and of course their salts, most of 
which are very soluble, are easily decomposed by other 
bases. 


The vegetable alkalies are 


Morphia, Strychnia, Delphia, 
Cinchonia, Brucia, Atropia, 
Quinia, Picrotoxia, Hyoscyama, 
Emetia. 
Morpata. 


Opium, besides several of the common vegetable prin- 
ciples, contains a peculiar substance, in union with me- 
conic acid, in which the narcotic quality resides. 

Derosne first drew the attention of chemists to it, (An. 
de Ch. xlv.) and concluded that it was the active princi- 
ple of opium. He found that it possessed alkaline pro- 
perties, but which he ascribed to the potassa employed in 
its preparation, having been procured by precipitation 
by that substance from infusion of opium. Seguin seems 
to have procured it in 1804, an account of which he read 
to the French Institute, but it was not published till 
1814, (An. de Ch. et de Ph.) Lastly, Serteurner, 
about the same time, gave an account of a substance in 
which he considered the peculiar properties of opium re- 
sided, (Tromsdorff’s Journal, xiv.) These experiments 
were entirely overlooked by Chemists, till Serteurner in 
1817 again drew their attention to the subject, (An. de 
Ch. et de Ph. v.) Hethen gave an account of a sub- 
stance which he called morphia, considering it the ac- 
tive principle of opium, and clearly established its claims 
to be ranked among the class of alkalies. Though he 
states that the substance procured by Derosne was alto- 
gether different, considering it a compound of the acid 
of opium, (meconic-acid,) yet in this he is evidently 
wrong. Derosne’s precipitate was morphia in its impure 
state, and thrown down by the potassa, having combined 


252 VEGETABLE ALKALIES. 


with the meconic acid, with which it was in union. We 
are to consider Derosne, therefore, as the discoverer of 
morphia, but Serteurner certainly first obtained it pure ; 
and, having shewed it to be alkaline, has the merit of 
having paved the way for the subsequent discoveries 
of chemists with respect to vegetable alkalies. 

Different methods have been recommended for procur- 
ing it. The process followed by Serteurner consists in 
macerating opium with acetic acid, filtering, and precipi- 
tating by ammonia. The processes, however, by which it 
is obtained in greatest quantity, and in the greatest state 
of purity, are those of Robiquet and of Thomson. The 
following is that of Robiquet, (An. de Ch. et de Ph. 
v.) Boil a concentrated solution of a pound of opium 
with 100 grains of magnesia, during a quarter of an 
hour; filter, and wash the precipitate, which consists of. 
morphia, narcotin, meconate of magnesia, and colouring 
matter, first with cold water, and then with warm dilut-. 
ed alcohol, to dissolve, the narcotin and colouring sub- 
stance. Then boil the insoluble residue in alcohol, which 
will take up the morphia, and deposit it in slender crys- 
tals, as its temperature falls. If not colourless, it may 
be purified by repeated solution in alcohol, and erystalli- 
zation. : . 

The process of Thomson, (An. of Ph. xv.) consists in 
adding to a concentrated watery solution of opium, aqua 
ammoniz, aslong as it throws down a_ precipitate, 
which consists of morphia and colouring matter. After 
filtration wash it with alcohol, and dissolve it in acetic 
acid; and by repeated agitation with ivory blacking, and 
filtration, the morphia can be precipitated by ammonia. 
If not colourless, it must be dissolved in alcohol, and 
purified by crystallization. | . 

The precipitate thrown down by ammonia may, as re- 
commended by Hottot, (Quarterly Journal, xvii.) be dis- 
solved at once in warm alcohol, and the solution decolo- 
rized by charcoal, by which crystals of morphia may also 
be obtained. : 

According to Brande, a pound of opium will yield 
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-about 500 grains of morphia; but it is doubtful if, by any 
of the processes followed, the whole of the morphia is ob- 
tained ; indeed, Robiquet found that the fluid from which 
it had been precipitated, still contained a considerable 
quantity. Mr Henry states that most is procured when 
lime is employed to precipitate it from the infusion, 
(Bull. Univ. b. xi.) 

Morphia is obtained in four-sided rectangular prisms, 

having a pearly lustre. It is sparingly soluble in water, 
but tsdily dissolved by warm alcohol, which deposits the 
greater part of it when the temperature falls. The solu- 
tions have an intensely bitter taste, and have the same 
effect as the alkalies on vegetable colours. - 
-. Morphia, when heated slightly, is fused, and, on cool- 
ing, crystallizes. It is decomposed by strong nitric acid, 
being converted to oxalic ; but when diluted: it unites 
with it; and it combines also with other acids, and forms 
neutral salts: It decomposes some of the metallic com- 
pounds, uniting with their acid, and precipitating the 
oxid. 

Morphia has been analysed in the usual way, but very 
different statements have been given of its composition. 
The following are the results of the analyses by Brande, 
(Quarterly Journal, xvi.) Dumas, and Pelletier, (An. de 
Ch. et de Ph. xxiv.), Bussy, (An. of Ph. N. 8. vi.) 
Thomson, (An. of Ph. xv.) ; 


Brande. Dumas, Pelletier. Bussy. Thomson. 


carbon, 72. 72.02 69.0 44.72 
oxigen, 17. 14.84 20. 49.69 
hydrogen, 5.5 7.01 6.5 5.59 
nitrogen, 9.0 5.53 4.5 0.0 


The result of Thomson, so completely at ‘variance 
with all the others, not only with respect to the propor- 
tion of the ingredients, but also to the absence of nitro- 
gen, would lead us to suppose, either that the morphia 
has been impure, or that some mistake has been commit- 
ted i in the analysis. 

It has been proved, by satisfactory trials, that hits 
is the narcotic principle of opium. Serteurner found 
that a half grain produced headache, and encrease of the 


254 VEGETABLE ALKALIES. 


muscular energy. An additional half grain induced stu- 
por, vertigo, and nausea; and when the dose was en- 
creased to 14, the symptoms became so alarming as to 
make him have recourse to means to counteract them. 
When administered cautiously, it produces the beneficial 
effects of opium, without any of those unpleasant feel- 
ings sometimes attendant on its administration; and it 
does not seem to be deprived of its properties by union 
with an acid. Though alarming symptoms follow the 
use of a small dose of morphia, it has been found that a 
much greater quantity may be swallowed, provided it is 
not in solution, the powder acting very slowly on the 
system. Hence the means of counteracting an over-dose 
of it, or of opium, by the administration of alkaline car- 
bonates, by which it is precipitated *. | 


CINCHONIA. 


The febrifuge qualities of Peruvian bark have AN 
ascribed, at different times, to different substances sup- 
posed to exist in it. Dr Duncan was the first who threw 
out the conjecture, (Ed. Dispens. edition 1811,) that 
bark contains a peculiar principle, which he inferred from 
finding that re-agents produced changes not to be ac- 
counted for by the qualities of other vegetable bodies. 
To this substance he gave the name of cinchonin. ‘This 
opinion of Duncan was afterwards confirmed by the ex- 


* From what has been said of the properties of morphia, it must be evident 
to any one who will read the paper of Derosne, that the substance which he ob- 
tained was the same. He procured a crystalline matter from the watery infusion 
of opium, by spontaneous deposition, and also by the addition of carbonate of 
potass, and which he was inclined to consider one and the same. Of this 
there seem some doubts, but with respect to the last there can be none, that 
it was morphia. It was, according to him, soluble in boiling alcohol, being 
precipitated as the temperature fell. Its solution changed violets to green. It 
combined with acids, and formed soluble compounds. Supposing that the ef- 
fect on the violets might depend on the presence of potassa, he tried to wash 
this off, but still the substance changed the colour. Lastly, a minute quantity 
given to dogs, produced the violent symptoms of an over-dose of opium. Ser- 
teurner has, therefore, merely confirmed the experiments of Derosne; me in 
addition, has an kg the alkaline property of morphia. 
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periments of Dr Gomez of Lisbon, who succeeded in pro- | 
curing cinchonin from bark, (Lisbon Phil. Trans.) ; and 
Pelletier and Caventou having afterwards proved that it 
belongs to the class of vegetable alkalies, it has now re- 
ceived the name of cinchonia. 

» The process followed in procuring it, is nearly the 
same as that by which morphia is obtained. Perhaps 
the easiest is that described by Brande, (Manual of 
Pharm.) Boil a pound of pale bark, (cinchona condami- 
nea,) bruised, in a gallon of water mixed with three 
drachms of sulphuric acid, and after pouring off the de- 
coction, repeat the process till the whole of the soluble 
matter is extracted. Mix the fluids, and add slaked lime 
in sufficient quantity to neutralize the acid employed, 
and a precipitate of cinchonia and of sulphate of lime 
falls, which, when boiled in alcohol, yields cinchonia by 
evaporation of the solution. 

Cinchonia is a white semi-crystalline substance, spa- 
ringly soluble in water, but easily dissolved by warm 
alcohol, which, when it cools, deposits it. It has an ex- 
tremely bitter taste, and its solutions change vegetable 
colours to green. When heated, it is volatilized, and by 
the application of a proper temperature, is decomposed, 
and yields along with the usual ingredients ammonia ; so 
that it must contain nitrogen. The analyses by Brande, 
and by Pelletier and Dumas, by no means agree; so that, 
as yet, we are quite undecided with respect to its com- 
position. The following are the results : 


Brande. Dumas. 
carbon, | 79.30 76.97 
oxigen, : 0.0 7.79 
hydrogen, 7.17 6.22 
nitrogen, 13.72 9.02 


Cinchonia unites with acids, and forms, in general, neu- 
tral salts. The sulphate, muriate, nitrate, and acetate, 
are soluble; oxalate, tartrate, and gallate, are insoluble in 
cold water. Hence the infusion of bark is precipitat- 
ed both by gelatin and by galls, the former removing, 
the tannin always existing in it, and the latter yielding 
gallic acid to deposit the cinchonia. 
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That cinchonia possesses the febrifuge quality of bark; 
has been proved by the experiments of Double and 
others, (Ed. Dispens.) 


QUINIA. 


- During their analysis of bark, Pelletier and Caventou 
discovered in that variety, commonly called yellow bark; 
(cinchona cordifolia, ) another alkaline principle, to 
which they have given the name of quan or quinia. It 
is obtained by a process similar to that by which cincho- 
nia is procured. It is a white pulverulent substance; 
sparingly soluble in water, but dissolved by warm alco- 
hol, from which, however, it is not deposited in crystals, as 
is the case with morphia and cinchonia. , : 

It has been analysed by Brande and by Pelletier, but 


the results are discordant ; they are, . 


Brande. | > Pelletier. 

_ carbon, %3.80 | 15.02 
oxigen, 5.55 10.43 
hydrogen, 7.65 6.66 
nitrogen, 18.00 | 8.05 


_ Quinia unites with acids, and forms salts, the most im- 
portant of which is the sulphate. It is soluble in water, 
and crystallizes. It is now much employed in medicine, 
being found to answer all the purposes of bark ; and as a’ 
small dose is necessary, it does not produce the unplea- 
sant effects of the bark powder or infusion. Hight 
grains are considered equal to an ounce of the powder. 
Oxalate, tartrate, and gallate of quinia, are insoluble. — 
The experiments of Pelletier and Caventou have shewn, 
that the pale bark contains only cinchonia, the yellow bark 
quinia, but the red bark (cinchona oblongifolia,) has 
both, and in all they are in union with kinic acid. Other 
kinds, however, do not contain either, and as the febri- 
fuge quality depends on the presence of one or other, 
it is of importance to be able to know, by an easy experi- 
ment, whether any of them exists in a bark. The sim- 
plest method of effecting this is by the addition of infu- 
sion of galls, which, from the gallic acid it contains, will 
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yield a precipitate, provided one of the alkalies is present. 
If there is no precipitation, garde is present, and the 
it will be quite inert. 


STRYCHNIA. 


Strychnia was discovered by Pelletier and Caventou, 
in the fruit of the strychnos nux vomica, and of the strych- 
nos Ignatia, or St Ignatius’s bean. It was afterwards 
detected in the poison of the Upas tree, (An. de Ch. et 
de Ph. x.—xxvi.) - 

It is procured by the same process as that followed by 
Robiquet, in the preparation of morphia, by which it is 
obtained in four-sided prisms. It is very sparingly so- 
luble, requiring upwards of 6000 of cold, and 2500 of 
hot water to dissolve it. The cold solution, though di- 
luted with 100 parts of water, has an intensely bitter 
taste. It is one of the most virulent poisons with which 
we are acquainted ; half a grain, when blown into the 
mouth of a rabbit, produced lock jaw, and proved fatal 


- in five minutes. 


It unites with acids, and forms salts, most of which are 
soluble. 

_In the different species of strychnos it exists in union 
Gath; igasuric acid. 

_Its composition, according to Pelletier and Dumas, is, 


carbon, _ 18.22 
oxigen, 6.33 
hydrogen, 6.54 
nitrogen, _—~>—s«-: 8.92 
Bructa. 


‘Brucia was discovered by the same chemists in the 
Brucia Antidysenterica, and in minute quantity in St 
_Ignatius’s bean. It was obtained by digestion in ether, 
and afterwards in alcchol, evaporating the alcoholic so- 
lution to dryness, and dissolving the residue in water. 
On the addition’of oxalate of ammonia, oxalate of brucia. 

VOL. II. R 
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was deposited, from which the oxalic acid was abstract- 
ed’by lime, (An. of Ph. xv.) | "1 
Brucia is crystallizable. It is sparingly soluble in 
water, the solution having a less bitter taste than that of 
strychnia; it is also poisonous, but not nearly so much so 
as strychnia. It is decomposed by heat, affording the 
usual products. It unites with acids, and forms salts: 
. According to Pelletier, it 1s composed. of, 


carbon, © 75.04 
oxigen, 11.21 
hydrogen, 6.52 
azote, 1.22 
PrcRoToxta. 


The berries of the cocculus indicus (menispermum coe- 
culus.) have been found, by Boullay, to contain a peculiar 
principle, to which the name of picrotovia has been given. 
It may be procured by the addition of ammonia to the 
infusion of the berries, washing the precipitate with cold 
water, and dissolving it in alcohol, from the solution in 
which it is procured by evaporation. | 3 

It is a white crystalline substance, soluble in 25 of 
warm water, and from which the greater part is deposit- 
ed as the temperature falls. It is also soluble in warm 
alcohol. Nitric acid converts it to oxalic, but the other 
acids form with it neutral salts ; from the solution of 
which, alkalies and their carbonates precipitate it, (An. of 
Ph. xvi.) 


DELPHIA. 


Delphia was discovered, by Lassaigne and Feneulle, in 
the seeds of the delphinum staphysagria, in which it 
exists combined with oxalic acid. It is obtained by the 
process of Robiquet, of precipitation by magnesia, and. 
solution by alcohol. 

It is a white crystalline substance, apparently insolu- 
ble in water, but dissolved by alcohol. The solution 
has an acrid taste, and changes blues to green. 
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©’ Delphia ‘unites with acids, and. forms neutral’ salts, 
(An. of Ph. xvi.) 


ATROPIA. 


_ Atropia was discovered, by Mr Brande, in the leaves 
of the atropa belladonna, and may be extracted from it in 
the usual way by magnesia. It is a white tasteless pows 
der, very sparingly soluble in water, but dissolved by 
_ warm alcohol, from which it is deposited.as it cools; It 
unites with acids, and forms salts, all of which, when 
swallowed even in minute quantity, produce the unplea- 
sant effects of belladonna itself, headache, diminished 
circulation, and dilation of the pupils, (An. of Ph. 
N. S. i.) ” 


VERATRIA. 


Veratria was discovered in the seeds of the veratrum 
sabadilla, in the roots of the veratrum album, and of the 
colchicum autumnale, by Pelletier and Caventou, and 
from which it is procured in the usual way, (An. de Ch. 
et de Ph. xiv.) 

_ It is a white pulverulent substance, destitute of smell, 
but when drawn into the nostrils, inducing severe sneezing, 
It has an acrid taste, and when swallowed even in very mis 
‘nute quantity, excites painful sickness and vomiting. It is 
sparingly soluble in water, but easily dissolved by warm 
alcohol, the solution changing blues to green. It unites 
with acids, and forms salts which have in general an ex- 
cess of acid. According to Pelletier and Dumas, it con- 
sists of 

carbon, 66.75 

oxigen, 19.60 

hydrogen, 8.54 

nitrogen, 5.04 


EMETIA. 


Pelletier and Dumas have shewn, that the emetic pro- 
no 
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perty of ipecacuanha, resides in a peculiar: principle to 
which they have given the name of emetia. It is obtains 
ed from the decoction of the root in the usual way, by 
precipitation, by means of magnesia, and solution in 
warm alcohol. aR cdke 

Emetia is a white powder, sparingly soluble in cold, 
but easily dissolved by warm water. It is soluble also 
in alcohol, but ether does not act on it. It fuses at 122. 

‘It enters into union with acids, and forms: salts, but 
which have not yet been obtained crystallized, (An. of 
“a ite phen. . 

According to the above-mentioned chemists, it is com- 
Papeder ue, 
: eal carbon, 64.57 

oxigen, 22.95 

hydrogen, 7.77 

nitrogen, 4.00 


Besides the vegetable alkalies already described, others 
have also been mentioned, as hyosciama,, existing in the 
hyosciamus niger; solania, in the solanum dulcamara- 
There is every reason to believe, also, that the active 
qualities of the digitalis purpurea, conium maculatum, and 
some others, reside in alkaline bases. 


. 


PART IV. 


ANIMAL CHEMISTRY. 


SECTION I. 


Anmat, like vegetable matter, is composed of few ele- 
mentary ingredients; indeed, with the addition of nitro- 
gen, they are the same, but this is sufficient to give them 
properties by which they are easily distinguished... The 
presence of nitrogen, fer instance, causes them quickly to 
run into putrefaction, and in general without passing 
through the vinous or acetous stages, and during the de- 
composition ammonia is always evolved. 

The chemical history of the animal kingdom, may be 
divided into two parts. 

_ 1st, Of the proximate principles. 

- 2d, Of the different solids and fluids, seliiebel with a 
few saline ingredients, are made up of the substances to 
be treated of in the first section. 

- Before, however, proceeding to the description of dhiend; 
a great deal of useless repetition will be saved, by a 
tort account of the general properties of animal matter. 

- When animal matter, as flesh, is subjected to distilla- 
tion, it affords a watery fluid, an empyreumatic oil of va- 
rious degrees of consistence, liquid, and concrete, carbo- 
nate of ammonia, with acetic acid, and carburetted hy~ 
drogen, having a disagreeable smell. The residue is car- 
bon, with carbonates of potass and soda, and phosphate 
of lime, with occasionally iron and manganese. ~ 

_ Water, when aided by heat, dissolves a considerable 


262 ANIMAL CHEMISTRY. 


portion of animal matter, and the solution, on cooling, if 
not too much diluted, forms a gelatinous mass. 

The acids act with great ease. ‘When, for instance, 
nitric acid is poured on flesh, there is a decomposition of — 
both, accompanied with the evolution of nitrogen, ni- 
tric oxid, and carbonic: acid; and if heat be applied, hy-. 
dro-cyanic acid is disengaged, and a yellowish coloured 
solution is formed, containing oxalic and malic acids. If 
the nitric acid employed, be diluted with about 2 parts 
of water, and a slight heat applied, the action is more 
moderate, the flesh becomes yellow, and nitrogen gas 1s 
evolved, and may, by carrying on the action in a retort, 
be collected in a jar on a water trough. 

When flesh is put into sulphuric acid, the colour is 
at first destroyed, but it afterwards becomes dark brewn, 
and at last a rich red solution is, formed. eee 

The alkalies act on animal. matter. When, for in- 
stance, flesh is put into solution of caustic potass, a sapo- 
naceous fluid is produced, and a fetid ammoniacal odour 
is.emitted. nl ont 3 
_ Animal. matter is. decomposed by some of the com 
pound salts. ‘The aetion with chlorate of potass. is in-, 
teresting, as constituting the method. of ‘analysis followed 
by Gay Lussac and Thenard, in ascertaining the propor; 
tion of the ingredients of. its different principles, the de- 
composition being’ effected: in the same: way as; with vege- 
table bodies. | FEB t ontland yeot 

Animal, like vegetable matter, undergoes spontaneoug 
changes, but. it seldom passes. through, all, the: states 
of fermentation; the. most. common is putrefactions 
which very: quickly commences, provided. it: is, exposed, 
to.a. proper temperature. and moisture., ‘The nearer, the 
former is to 90; it: takes place: more. speedily; if it fall 
below. 32, it: ceases: entirely. Moisture isi also necessary; 
and the more freely air is admnitted,. it is: the more rapid» 
The first; effects. are, a change of colour and, consistence;, 
The matter, say flesh, becomes’ paler and: softer, and: 
emits a disagreeable’ odour, accompanied. with: the, 
evolution. of -aexiform. fluids,’ which differ, according 
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to the substance undergoing the change. They are 
principally carbonic acid, carburetted and . sulphuret~ 
ted hydrogen, ammonia, and occasionally also a little 
phosphuretted hydrogen. After the disengagement has 
continued for some time, the matter ceases to emit the 
offensive odour, and it becomes a dry friable mass, 
having a greasy feel. It contains ammonia, carbon,: 
oily matter, and. the other fixed principles of the ani- 
nial kingdom. 

When the substance is buried, the putrefaction goes 
on more slowly, particularly if the earth in which it is 
deposited is dry, as in this case the moisture is absorbed, 
by which putrefaction is retarded. 

When the action of the air is completely excluded, 
as when a number of dead. bodies are heaped together, 
the results are different from those already mentioned. 
The changes which occur under these circumstances 
were first noticed in Paris, in 1786. On opening the pits 
of a burial-ground, in which about 1000 dead bodies 
had been buried, it was found that almost the whole was 
converted to a saponaceous substance, having a greasy 
feel, which melted like tallow, and, on cooling, became 
crystalline. When exposed to a high temperature, it 
burned like wax. When put intonitric acid, a fatty 
matter was separated; and, with the fixed alkalies, it 
gave out the odour of ammonia. The fatty substance 
produced by acid, had all the appearance of spermaceti, 
being soluble in alcohol, and burning witha bright white 
flame. According to Chevreuil, it contained margaric 
acid. . 

A substance of a similar nature may be formed by 
causing animal matter to undergo putrefaction more 
quickly, as by exposing it to the action of a stream of 
water, in’ which case three or four weeks are sufficient. - 

Various means are resorted to for retarding animal 
putrefaction ; a reduction of temperature is by far the 
most efficacious. Meat, when put into snow or ice, may 
be kept almost any time; and hence the common  prac- 
tice of sending fish to-a distance, packed in it. In cold 
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countries, also, a store of provisions is laid up, surround 
ed by snow, in which state it remains till» required for 
use. Depriving animal matter of its moisture, is another 
mode of preventing putrefaction. We find, accordingly, 
that dried fish may be kept: for a long time. In some. 
countries, it is also the custom to cut flesh into thin slices, 
and dry it gradually, by which it may be preserva till 
provisions cannot be otherwise procured. | 

There are many substances that retard putrefaction, 
some of which, it is supposed, : act merely by absorbing 
the moisture of the animal matter. The most powerful, 
of these is common salt, which is used in great quantity 
for preserving butcher’s meat, fish, butter, and many 
other articles. Of late pyroligneous acid hasbeen highly 
recommended for this purpose. It is even said that it 
will render sweet, animal matter that has become putrid. 
In using it, the meat is merely dipped in, and almost 
instantly removed. Should it have become putrid, it 
may be left in for a few minutes. 

Other means have also been practised for preventing 
putrefaction. The complete exclusion of air, it is well 
known, retards it ; hence the custom of rubbing eggs with 
salt butter, and of keeping them in lime water. Flesh 
is also sometimes preserved in this way ; for. which pur- 
pose it is put into a cask, afterwards made as air tight 
as possible. It has been found also, that by boiling meat 
for some time, and then putting it into barrels, it may 
be kept long without putrefying; and hence a engeliat 
often coco beal to in long voyages. 

From what has now been said, it is evident that! the 
elementary ingredients of the animal kingdom, are tar- 
bon, oxigen, hydrogen, and nitrogen; but, in addition 
to these, there are also saline, earthy, and metallic mat- 
ter, as sulphates, phosphates, and muriates of. potass, so- 
da, lime, and iron. | | 

Guy Lussac and Thenard, from shade menpen ve into. the 
‘intimate nature of animal bodies, have. concluded that 
they contain more carbon than exists in vegetables, and 
that the hydrogen is always in greater proportion than will 
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form water with the oxigen; but as, in addition to the 
elements of vegetables, there is also nitrogen, it has been 
found that the greater the excess of hydrogen, the more 
nitrogen they contain, so that ammonia is one of the pro- 
ducts of their decomposition. When the hydrogen is 
just in such proportion as to convert the oxigen into wa- 
ter, and the nitrogen to ammonia, they observed that 
the animal matter was neither acid nor oleaginous, and 
hence the division suggested by them, into, 

1st, Animal matter, not acid or oleaginous. 

2d, Animal acids. 

3d, Animal oils. 

To the first class belongs the greater number of those 

bodies strictly called Animal Principles. 


SECTION II. 


ANIMAL PRINCIPLES. 


Te animal principles may be divided into two classes. 

1st, Those that occur dispersed throughout the body. 
They are gelatin, albumen, fibrin, mucus, osmazome, and 
oils. 

2d, Those that are found in particular solids or fluids, 
and in these only. They are picromel, cholesterine, and 
ambergris, existing in bile; sugar of milk, butyrin, and 
casein, in milk; urea, and uric acid, in urine. 

The first class only will be described in this section. 
The second will be considered along with the sub- 
stances to which they are peculiar. 


GELATIN. 


When an animal substance, particularly skin or any 
cartilaginous part, after being well washed, is boiled in 
water for a considerable time, a semi-transparent solu- 
tion is formed, which, when evaporated and allowed to 
cool, becomes a tremulous mass called jelly. If this be 
again heated, it is melted, and, on continuing the heat, 
the whole of the water is evaporated, and a hard solid 
matter remains, which is gelatin. 

Though gelatin may, and frequently is, procured by 
the process mentioned, yet it is not pure. The source 
from which it is obtained in the greatest state of purity, 
is isinglass ; and from it its properties have been in ge- 
neral described. 
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Gelatin is a hard brittle substance, inodorous, insipid, 
and colourless. When exposed to heat, it crisps, soon 
becomes black, and is completely charred. When heated 
in close vessels, it affords a watery fluid containing am- 
monia, and a fetid empyreumatic oil. 

It has been analyzed by Gay Lussac and Thenard, by 
burning it with chlorate of potass. It is, according to 
them, composed of 

carbon, 47.881, probably 15 atoms, 
oxigen, 27.207, 6 atoms, 
hydrogen, 7.914 —— 14 atoms, 
nitrogen, 16.998 2 atoms. 

When gelatin is put into cold water, it softens and 
swells, but is not dissolved. When the fluid is boiled, a 
solution is formed, the consistence of which depends on 
the quantity, and which, when evaporated, yields the 
principle unchanged in its properties. According to 
Bostock, when it contains 1-100th part of gelatin, it will 
gelatinize on cooling; but when there is only about 
1-150th, it does not become concrete. 

The strong solution, and which has congealed on cool- 
ing, may be kept almost any time without undergoing a 
change ; but the weak one becomes sour, and emits an 
offensive odour. 

When chlorine gas is passed through the solution, a 
white flocculent matter is separated, which, when exposed 
to air, becomes a dry powder, insoluble in water, but so- 
luble in warm nitric acid. It consists apparently of ge. 
latin in union with muriatic acid and chlorine. When 
exposed to heat, chlorine gas is emitted, and with alkalies 
it, forms muriates. 

The acids, though diluted, act on gelatin. Nitric acid 
decomposes it ; nitric oxid is disengaged, and a solution 
is formed, which contains oxalic and malic acids, with an 
oily fluid floating on its surface. 

_ Muriatic and: acetic,acid dissolve it without decompo- 
sition. , Pat; : 
. The action with, sulphuric acid is.peculiar, a solution 
being formed, from which saccharine matter can be ob- 
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tained, as at first pointed out by Braconnot, (An. de Ch. 
et Ph. xiii.) For this purpose, 12 parts of gelatin are 
kept in twice their weight of acid for twenty-four hours, 
and then mixed with about 6 times their weight of 
water, the mixture boiled, and saturated with chalk. 
After filtration and evaporation, crystals having a sweet- 
ish taste are procured, but which differ from common su- 
~ gar, in being more easily crystallized, in not fermenting 
with yeast, and in yielding ammonia by their destructive 
distillation. —— 

Gelatin is dissolved by alkaline solutions. The com- 
pound formed has none of the properties of soap, and is 
not decomposed by acids; by which it is distinguished 
from other animal principles. 

The earths do not produce any change on gelatin. The 
metallic oxids and their salts are very little affected by 
at. The solution of nitrate of silver, and nitro-muriate 
of tin, become slightly opake. Sub-acetate of lead is not 
altered by it. 

Gelatin is not dissolved by alcohol ; accordingly, when 
its concentrated watery solution is mixed with it, a pre- 
cipitate instantly appears. 

The most important action of gelatin is with tannin. 
When an infusion of nut-galls, or of any astringent mat- 
ter, is added to solution of isinglass, a whitish precipi- 
tate is formed. If strong infusion be employed, a tough 
elastic substance is thrown down, which, when dry, be- 
eomes hard and easily broken. The precipitate is a com- 
pound of gelatin with the astringent principle, a fannuret 
of gelatin, and it was at one time supposed that this 
might serve as a means, not only of indicating the pre- 
sence, but of ascertaining the quantity of the animal 
matter in the fluid. Other substances are, however, pre- 
cipitated by tannin, such as albumen. Of course, before 
we can employ it as a test of gelatin, it is necessary to 
remove these, which can be easily done by the proper re- 
agents. Though tan may, with these precautions, be 
used as a test, it cannot be employed to indicate the 
quantity of gelatin, the composition of the precipitate 
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varying apparently according to the obit of the so- 
lutions. 

If, instead of mixing the fluids, the gelatin in any 
animal solid be kept in an infusion of tan, the union’ is 
also effected, though more slowly. Hence the art of tan- 
ning, which is merely uniting astringent matter with the 
gelatinous part of skins, by which they are gradually 
converted to leather, a substance insoluble in water, and 
not liable to undergo decay. Other methods are also 
practised in the preparation of certain kinds, the descrip- 
tion of which, though not strictly connected with the ac- 
tion of tan, may be introduced in this place. 

For converting skins into leather, different processes 
are followed, according to their nature, and the kind of 
leather required ; as tanning, or causing them to unite 
with astringent vegetable matter; tawing, or soaking 
them in alum and other salts, with some animal substance; 
and currying, or besmearing them with oil to render — 
the leather soft, and impervious to water. These processes 
are often performed on the same skin, by which the lea- 
ther is fitted for more purposes. The thick hides of 
which the soles of shoes are made, are merely tanned, 
while the white kid glove leather is tawed. That for the 
upper leather of boots and shoes, is both tanned and cur- 
ried, and the fine Turkey leather is first tawed, and after- 
wards tanned. 

_ When the skin is to be tanned, after Medi freed from 

impurities, it is put into a pit with lime water, for some 
days, by which the hair is loosened, and 1s easily remov- 
ed, but as the lime makes it hard, it is necessary to soften 
it; for which purpose, it is put into the mastering pit, 
containing water and dung, chiefly of pigeons or fowls, 
where it continues for some days, the time depending on 
its thickness. . 

When the skins are very thick, they are sometimes 
submitted to another process ; a number of them are 
heaped together in a warm place, so as to cause a slight. 
putrefaction, after which the hair is removed, in general: 
without immersing them in the lime pit, as this would. 
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harden them too much, and render the leather liable to 
crack. They are then put into a vat, containing a sour 
fluid, generally prepared by allowing rye or barley to 
ferment in it, occasionally much diluted oil of vitriol, by 
which they are softened, and their pores opened so ised 
they can more easily imbibe the tan liquor. 

The next stage of the process is the tanning, which 
consists merely in soaking the hide in a solution of an 
astringent vegetable, and making this unite with the ge- 
latin, by which it is rendered no longer liable to undergo 
putrefaction, insoluble in water, and in a great measure 
impervious to it. The astringent substance usually em- 
ployed is oak bark, procured from the trees which are 
cut in spring, when the sap has riseninthem. After be- 
img reduced to coarse powder, it is put into pits with 
water, by which a solution of the astringent matter is 
procured, called an ooze. In this the hides are immersed 
* for several weeks, being frequently turned, to expose the 
whole to the infusion, and allow it to penetrate them. 
From this pit they are placed in others, the liquor being 
successively stronger, till it is completely saturated. 
Should the hides be very thick, the last into which they 
are put contains some of the powder of the bark in alter- 
nate layers with them, by which, as the infusion becomes 
weaker by the substance combining with the gelatin, 
more of it is taken up, and it is thus always kept of pro- 
per strength. In thisway they are allowed to remain, 
till the whole is converted to leather; the time requir- 
ed, depending on their thickness. Calves’ skins take from 
two to four months, and the thick sole leather rerwgd from 
fifteen to. twenty. | 

Seguin proposed what seemed to him an im provenient 
in the mode of preparing leather, but which has not been 
adopted in this country. It consists in making quickly, 
solutions of the oak bark of different’ strengths, and pass-— 
ing the hides through them, beginning with the weakest, 
and ending with the strongest, by which the process is: 
clmmidiesabl y shortened. It is said, however, that the 
leather thus prepared, is more liable to crack than that 
manufactured in the usual method, 
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-~-As oak bark contains a number of other substances, 
besides the astringent matter, the quality of the leather 
depends, in a great measure, on the mode in which the 
infusions are made. One of the ingredients of bark is 
extract, which is soluble, but not so much so as the as- 
tringent matter. Skin has the property of absorbing 
this, by which the leather probably acquires its colour 
and flexibility ; if, therefore, the tan liquor be so made, 
that it contains little of the extract, the leather prepared 
may absorb a great deal of the astringent principle, and 
thus become brittle, and more liable to crack. Hence 
likely the cause of that manufactured in the French way 
not being so durable as the other, for, by the method of 
forming the tanning fluid, much of the astringent and little 
of the extractive matter is dissolved. Besides, when the 
process is carried on quickly, the outer part of the skin 
only is converted into leather, because, this being speedi- 
ly tanned, prevents the fluid from penetrating any far- 
ther. | 

The great objects to be attended to, then, in tanning, 
are, to procure from the bark as much of the soluble 
matter as possible ; and could some means be devised by 
which the skins could be made to imbibe this quickly, 
and uniformly, a great deal of labour, time, and money, 
would be saved. On this is founded the patent process 
of Spilsbury, which consists in forcing in the tan-liquor 
by pressure ; but though the tan is thus quickly imbibed, 
the leather, it is said, is not durable, the skin not being 
uniformly tanned. 
. The tawing of skins, by which they are also converted: 
into leather,.is more speedily accomplished than tanning. 
The skins subjected to this process, are those of goats, 
sheep, lamb, and other thin hides, by which glove leather, 
and that usually called morocco, are prepared. When 
the leather is to be white, it is merely subjected to taw- 
ing; but when intended to be dyed, it also receives a. 
Bught tanning. 

- Tawing consists in soaking the skins, previously freed 
a impurities, in a warm solution of alum and common 
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salt, by which they become thick and tough. They are 
then, after being washed, put into a vat with bran and 
water, and allowed to ferment for a short time, so as to 
remove a great deal of the saline matter, after which 
they are stretched on frames, and kept in a heated room 
to dry. By these means, a thin white leather is procured, 
which is made glossy, by soaking it in water containing 
the white of eggs, and when dry, smoothing it with sh 
hot iron. 

In the process of tawing, it is supposed that the skin 
imbibes something from the saline matter, probably alu- 
mina, which, by combining with the gelatin, converts it 
to leather, in the same way as the wim ss matter does 
in tanning. 

When the leather is to be dyed, as in’ preparing black 
morocco, after being tawed, it is soaked in an infusion of 
shumach (the shoots of an astringent plant, and of course 
similar in its nature to oak Buble, ») and then rubbed over 
with a solution of green vitriol. “ei 

Currying consists in soaking leather in some ciby ib 
stance, so as to render it more impervious to water, for 
which purpose, the hides, after being tanned, are besmear- 
ed with oil, or oil and tallow. 

It is of the utmost consequence for tanners, and tiers 
using astringent matter, to be able to judge of the quan- 
tity of tannin in any article exposed for sale, particularly 
as it varies so much in different samples, owing, partly 
to the age of the vegetable, and to adulteration. Dif- 
ferent methods have been recommended, but by far 
the best, is just that followed by tanners, but conduct- 
ed in such a way as to be quickly finished. It is well 
known that skins will continue to imbibe the astrin- 
gent principle for many months; but on a small scale, 
the whole tan may be removed from an ooze in a 
few hours. For this purpose, the astringent matter being’ 
ground to powder, 1000 grains are to ine infused in water: 
at about 100, and after the whole of the tan seems dis-’ 
solved, the fluid must be strained, and the insoluble mat- 
ter washed, till the water passes through tasteless. A 
certain quantity of this, say 1-10th, is to be placed in a 
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bottle, along with pieces of skin, previously washed 
with warm water, to dissolve the lime employed in taking 
off the hair, and to remove the loose gelatin; the skin 
being dried, and weighed before being put into the 
bottle. Leaving them there for a few hours, turning 
them frequently, the whole of the tan will unite with 
the gelatin, and thus. convert the skin into leather, so 
that, by drying it, and weighing, we find the quantity 
of tan that existed in the infusion, of course of 100 
grains of the astringent matter, (An. of Ph. N.S. xi.) 

Gelatin is procured from different parts of the body, 
these affording different kinds of it, or rather articles 
containing it, but mixed with other substances. They 
are glue, isinglass, and size. 

Glue is procured by steeping skins, bones, flesh, and 
the cartilaginous parts of animals in water, the skins par- 
ticularly of young animals being considered the best. To 
obtain it, after being soaked in lime water, to remove 
impurities, they are washed, and afterwards boiled, the 
scum as it rises bemg removed. Alum in powder is next 
added, and the solution is strained, and boiled to the 
proper consistence, the scum as before being taken off. 
When sufficiently evaporated, it is poured into moulds, 
in which it congeals, and is then cut into thin slices, and 
dried in the air. 

Isinglass is the dried sounds of fish, particularly of 
sturgeons. They are merely washed in cold water, and, 
-after being deprived of their outer covering, and cut into 
small pieces, are dried by exposure to alr. 

Szze, the substance used by painters, is prepared by 
boiling i in water, pieces of parchment, of skins, and fins 
_ of fish, and evaporating the solution to a proper consist- 
ence. It differs from glue, in containing fewer foreign 
ingredients, and in not being so strong. iy ete 

The use of gelatin in preparing leather, has been al- 
ready described. It is from the ease with which it is act- 
ed on by astringent matter, that it is employed also for 
| clarifying, fluids, either with the view of removing foreign | 
impurities floating in them, or to _carry off some of, the 
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substance in solution. \Hence its use in clarifying coffee, 
which contains not only an astringent matter in solution, 
but also undissolved matter floating in it, and for this 
purpose, a piece of isinglass or fish skin is used. 
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Albumen may be procured by the maceration of diffe- 
rent parts of the animal body in cold water, but by this 
process it is not pure. The substance that yields it in 
the greatest state of purity, is the glair of an egg, which, 
though it contains a few foreign ingredients, as sulphur, 
is sufficiently pure for exhibiting its properties. 

As thus procured, it is a thick fluid with a slight 
taste, but destitute of smell. When kept for some time, 
it undergoes putrefaction, but when spread thin on paper 
and exposed to air, it dries, and may then be preserved 
without putrefying. 

When albumen is subjected to a heat of about 160, it 
coagulates, and forms a white mass, differing in consist- 
ence according to the temperature, or rather to the time 
the heat has been applied. If long continued, it loses 
considerably in weight, only about 1-5th of the original 
matter remaining. ‘The residue does not become fluid, 
as it regains its original temperature ; and it is insoluble 
in water, shewing evidently that its properties are com- 
pletely altered. If, however, the albumen be heated 
cautiously, taking care that the temperature does not 
reach that necessary for its coagulation, it becomes dry, 
but may after this be dissolved in water; and hence the 
method of preparing the substance much used as a clari- 
fier of wine and other fluids, (Quart. Journ. xv.) 

When the heat to which albumen is subjected is high, 
it is decomposed, and affords the usual products. Ac- 
cording to the French chemists, it is composed of 

carbon, 52.883 17 atoms 

oxigen, . 23.872 
hydrogen, 7.540_ ) 
nitrogen, 15.705 2° do. 


probably 
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Dr Prout has, however, given a different view of its 
constitution, (An. of Ph. xiii.) It is, according to him, 
composed of 

carbon, 15 atoms 

oxigen, 6 do. 

hydrogen, 14. do. 

nitrogen, 2 do. 
Nev, if this be correct, it is of the same composition as 
gelatin, as noticed by Gay Lussac and Thenard, which 
would lead us to suspect some error in one of the analy- 
ses, or if correct, though the relative proportion of atoms 
is the same, their number must be different. 

Albumen is soluble in cold water, and if the quantity 
of fluid is not great, it becomes solid on being heated. If 
the solution is weak, it is rendered only’opake; but when 
largely diluted, it does not undergo any change. Ac- 
cording to Bostock, if it contain only 1-1000th part of 
albumen, it loses its transparency when heated, and hence 
this affords a very good test of its presence. 

If, instead.of using cold, we employ warm water, the 
albumen is instantly coagulated, in the same way as on 
the application of heat alone. 

The stronger acids also coagulate it. Nitric acid first 
coagulates, and then formsa yellow solution. The action 
with sulphuric acid is peculiar. When poured into it, 
it is at first coagulated, but afterwards gradually dis- 
solved, the solution acquiring, particularly on the appli- 
cation of a little heat, a rich red colour. If, however, 
too much heat be applied, the colour becomes dark 
brown. 

The fixed alkalies gradually dissolve albumen ; provid- 
ed heat is applied, ammonia is disengaged, and a sapo- 
naceous compound is formed. If the alkaline fluid is 
much diluted, the action goes on very gradually. 

_ Albumen is easily affected by some of the alkaline, 

but particularly by metallic salts. When ferro-cyanate 

of potass is added to its solution in water, there is 

an immediate formation of a whitish precipitate, and 
s 2 
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hence it has beén recommended as a test of this animal 
principle ; but before using it, it is necessary to add a 
little acetic acid either to the test or to the fluid. 

Most of the metallic salts throw down albumen. Green 
sulphate of iron gives a brown, and the per-sulphate a 
whitish precipitate. The salts of copper, tin, antimony, 
silver, gold, and platinum, are also affected by it, but the 
one that acts most easily is per-muriate of mercury, and. 
which, as it does not precipitate solutions of gelatin or 
mucus, is employed as a test. According to Bostock, a 
saturated solution of this salt will detect albumen, though 
dissolved in 2000 parts of water, by the milkiness which 
it occasions. Should the fluid be much diluted, it is 
necessary to heat it before adding the salt, which renders 
it a still more delicate test ; and if itis required to preci- 
pitate the whole of the albumen, the heat must be conti- 
nued for some time. ; 1 Tks 
. Albumen -is coagulated by alcohol and by ether, 

though dissolved in water, unless when much diluted. 

Different opinions have been entertained with respect 
to the cause of the coagulation of albumen, either on the 
application of heat, or by the addition of re-agents ; but 
the only one that appears plausible, is that advanced by 
Dr Thomson. He conceives that albumen in its natural 
state is solid, ‘and that fluidity is communicated to it by 
the presence of alkaline matter, which is always found to 
exist along with it. On the application of heat, the al- 
kali may combine with the water, or probably a little 
acid may be generated, and the albumen resume its na- 
tural form. The coagulation by acids and by alcohol, 
is to be-accounted for in the same way, both of these re- 
moving the alkali. With respect to the changes occa- 
sioned by metallic salts, the acid and alkali may unite, 
while the albumen and oxid are precipitated. This opi- 
nion seems confirmed. by the experiments of Brande, (Ph. 
‘Tr. 1809.) who found that, by subjecting white of eggs 
to the galvanic influence, a coagulum appeared around 
the negative wire, where it is well known alkalies are 
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powerfully attracted, so that, by the removal of that ne- 
cessary for the fluidity, the albumen’ became solid. 
Albumen is precipitated from its solution by tannin, 
the colour and consistence of the precipitate depending 
on the strength of the fluids. Since tannin throws down 
both gelatin and albumen, it is evident that it cannot be 
employed as a test of either, without previously remov- 
ing one of them. This is, however, easily done with the 
latter, by means of corrosive sublimate, which does not 
affect the former; so that, should there be reason to sus- 
pect the presence of both, the fluid, after being heated, 
must be mixed with the solution of the metallic salt, and 


filtered. If, after this, tan throws down a precipitate, it 


must be gelatin. 

Albumen exists in different parts of animals, as car- 
tilage, bones, horns, hoofs, flesh, and the membranous 
parts. It exists also in considerable quantity in blood, 
from which it is usually procured when required in the 
arts. 

From the properties which it possesses of being coa- 
gulated by heat, it is employed for clarifying fluids, as 
in the refining of sugar, (see p. 161.), and in many other 
processes. When used for nice purposes, and required in 
small quantity, white of eggs is employed; but for 
others, particularly on a large scale, bullocks’ blood is 
used. When either of these is put into a warm fluid, 
the albumen is coagulated, and entangles impurities ; 
and as the scum rises it is removed, so that the whole of 


the foreign matter may be separated. Albumen acts inthe 


= 


same way also in clarifying spirituous liquors. When, for. 


instance, glair of egg is added to wine, or to any cordial, 


the albumen is coagulated by the alcohol, and, ontsneing 


the impurities, carries them to ee boven . 


| ‘Fuser, | re 
- When a piece of flesh has been repeatedly washed to 


extract the albumen, and boiled to dissolve the gelatin, 


a tough, fibrous, insoluble substance is left, which is fibrin, » 
but not pure, being mixed with the cellular matter, and 
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with the coats of the vessels and nerves. Fibrin may, 
however, be obtained pure from blood, by stirring it with 
a rough piece of wood, before it has begun to coagulate, 
by which it adheres to it, and may be freed from any 
impurities by washing. The polypous matter found in 
the cavities of the heart, and large vessels, is also pure 
fibrin, being merely the fibrinous part of the blood, se- 
parated either when the person is én articulo mortis, or 
immediately after death, 

Fibrin is a tough white elastic fibatsnéis destitute of 
smell. When exposed to air, it becomes dry and hard, 
but does not undergo any particular change. Even 
when subjected to air and moisture, it does not seem to be 
altered, provided it is pure, but when not entirely freed 
from impurities, it soon runs to putrefaction. 

When subjected to a moderate heat, it. becomes dry 
and wrinkled, and if the temperature be high, it melts, 
and exhales the odour of burning feathers. When heat- 
ed in close vessels, the usual products are given off. Ac- 
cording to the analysis f Gay Lussac and Thenard, 
who have analysed it in the usual way, it is composed of 

Probably 
carbon, 53.360 18 atoms. 
oxigen, 19.685 5 do. 
hydrogen, — 7.021 14 dao. 
nitrogen, 19.934 3 do. 

Fibrin is insoluble in cold water, but when boiled in it 
for some time, it becomes shrivelled, and seems to have 
undergone a change, for, on the evaporation of the fluid, 
a residue is obtained, which is soluble in cold water. 

The acids act easily on fibrin. When put into nitrie 
acid, it is dissolved, and nitric oxid and nitrogen are dis- 
engaged. When the acid is diluted, the action is mode. 
rated, nitrogen alone is set free, and a yellow coloured 
fluid is formed, on the surface of which a fatty matter is 
found floating. As the digestion is continued, the fibrin 
is gradually converted. to a yellow substance, which, ac- 
cording to Berzelius, is nit ric and malic acid, holding 3 in 
solution fibrin, but. som 1 patie . 
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Sulphuric acid decomposes it, depositing a carbona- 
ceous residue. When the diluted acid is poured on it, 
a solution of a reddish colour is formed. 

Muriatic acid also acts on it, causing the evolution of 
nitrogen gas, and a hard substance is left, which is inso- 
luble in water. Acetic acid, with the aid of heat, softens 
fibrin, and fotms a tremulous jelly, which, by the addi- 
tion of water, is decomposed, and nitrogen is evolved. 
The solution, when mixed with an acid, affords a preci- 
pitate, which is a compound of fibrin and. the acid em- 
ployed. 

The alkalies dissolve arity but it is at the same time 
decomposed. When put into aqua potassee, it becomes 
soft and swells, and is at last dissolved. The solution is 
of a greenish colour, and, on the addition of an acid, 
affords a precipitate, differing, however, from fibrin, in 
not being soluble in acetic acid. ’ 

Alcohol and ether decompose fibrin. When they are 
kept on it for some time, it is converted to a substance 
similar to adipocire. The alcoh olic fluid, on evapora- 
tion, also yields a fatty matter, g enerated by the decom- 
position of the animal principle. “The adopocirous matter 
is soluble in alcohol, from whieh it is precipitated by 
water. 

Fibrin exists in muscular fil 
which it is obtained by the proce; 
It is not put to any use. 


and in blood, from. 
ses described. 


Mucvs. 
employed in rather 
ately applied it to 
he thinks sufficient. 
éd. one of the animal 
iii saliva, from which 


The term mucus has been generair 
a vague sense; but Dr Bostock ha; 
a substance, the properties of which 
ly distinct to entitle it to be conside 
principles. It is found nearly pure il 
it may be procured by evaporation, and exerdiseoline the 
residue in cold water, (Nich. Journal 3 i, xiv.) 

Mucus is transparent and colourless, has little or no 
taste, and is. soluble i in cold Ww The 2 solutions when 
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on cooling. When evaporated to dryness, it leaves a 
hard semi-transparent substance, again soluble, so that 
its properties do not seem to be altered. When, how- 
ever, the solution is exposed to air, it gradually pers 
rates, and the residue is not acted on by water. i 

Mucus, when heated strongly, gives off the usual pro- 
ducts, but no analysis has been made of it? 

Solution of mucus is not precipitated by muriate of 
mercury, nor by tannin, in this respect differing from. 
gelatin and albumen. On the contrary, sub-acetate of 
lead, (Goulard’s Extract,) which does not affect either of 
these principles, throws down a white curdy precipitate 
from solution of mucus, as may be shewn by adding a 
drop of it to saliva. 

Though Bostock has confined the term mucus to @ 
substance having the properties above enumerated, Four- 
croy and Vauquelin (An. de Ch. Ixvii.) apply it in gene- 
ral to the mucilaginous fluids lining the different cavities 
of the body, and which, they say, differ from vegetable 
gum, in containing nitrogen as one of its ingredients. 
Berzelius, on the contrary, (Animal Chemistry,) does not 
admit that there is any one principle entitled to the name 
of mucus, the fluids found in the different cavities hav- 
ing properties varying @ecording to their situation’ and 
use. Bostock’s experiments, however, seem sufficient to 
warrant the conclusion, that what he has described is a 
distinct animal principle. Wy 


SMAZOME. ~ 


procured, by subjecting to pressure 

essive portions of cold water, by 
men and osmazome are dissolved. 
men is coagulated, and by evapora- 
id eating the residue with cold .alco- 
ciple is taken up. 


Osmazome may be 
pieces of flesh, in E 
which the salts albu 
By boiling, the alb bu 
tion to dryness, ang 
hol, the peculiar prin . 

Osmazome, as proéured by the evaporation of the wig 
holic fluid, is of a brownish colour, and has the taste and 
odour of broth. When exposed to heat, it gives out the © 
usual products. It is ss both in cold water and in 


Ge 


« 


OLEAGINOUS MATTER. 281. 


> 


cold alcohol, and from its solution it is precipitated by 
acetate of lead, and by tannin. It is not, however, coa- 
gulated by heat, nor does it gelatinize on cooling. These 
properties are sufficient to entitle it to be considered a 
distinct principle. 'Thenard, who discovered it, gave it 
the name of osmazome, derived from ocza, smell, and Zopec, 
broth, being the substance which, according to him, com- 
municates the peculiar odour to that fluid. 
ry 

The principles now described, are those belonging to 
the first class, or such as are dispersed throughout the 
animal frame, or at least are found in different parts 
of it. The others will be considered when giving the 
properties of the solids or fluids in which they exist. 


OLEAGINOUS MATTER. 


The oleaginous matter of the animal, is, generally 
speaking, the same as that obtained from the vegetable 
kingdom, so that a panos account of its properties is 
unnecessary. 

When solid it is calla fat, which, when purified, is 
tallow, suet, or lard. 'To free it from impurities, it is 
cut into small pieces, and melted along with a little wa- 
ter, and when fluid, poured through a sieve. 

Train oil is obtained princi ally from the blubber of 
whales ; for which purpose, after being cut into pieces, 
it is melted by the application ofa slight heat, during 
which water and a coagulum rise to the surface, and are 
removed. 

The sp. gr. of whale oil is abou 
640. When long kept it becomes. 
owing to the presence of impurities. 

Sperm oil is obtained from the: oily matter found in 
the cavity of the cranium of the physetor macrocephalus, 
or spermaceti whale, by subj ecting it to pressure in linen 
_ bags, by which the fluid matter passes through, leaving 
a white semi-transparent substance, called’ spermaceti. 
This is much purer than the other animal oils, and is ac- 
cordingly used for the finer kinds of lamps. 

: 2 


J20 ; its boiling point 
rancid, but probably 
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Spermacets obtained by the above process, resembles 
wax in many of its properties, being insoluble in water, 
but dissolved by warm alcohol. The alkalies unite with 
it, forming a sort of soap. 

The properties of adipocire, and its formation from 
animal matter, during putrefaction, have been noticed, 
(p. 268.) 

Animal, like vegetable oils, yields stearin and elain, 
and the different acids detected by Chevreuil. ‘The me- 
thods of procuring them are similar to those alneadly no- 
ticed, (p. 181.) 

When hog’s lard is distilled, and the product washed 
with water, “4he solution, on the addition of acetate of 
lead, yields a white flaky precipitate, a compound of the 
oxid, and a peculiar acid, from which it may be freed by 
sulphuric acid. For this purpose, after being mixed, 
they are heated in a flask, by which the lead and sul- 
phuric acid are deposited, and the other collecting on 
the surface, in the form of an oily matter, can be easi- 
ly removed. Thenard has given it the name of sebacic 
acid. It is soluble in boiling water, has an acid taste, 
and reddens litmus. It unites with bases, and forms ~ 
salts, which Thenard calls sebates. ‘Though Thenard 
considers this a peculiar acid, Berzelius is inclined to 
regard it merely Penseiiggwiocd 


| ee 


x | | 

The animal acids, besides those in oleaginous matter, 
already described, are uric, existing in urine, amniotic, 
in the liquor amnii, formic, obtained from ants; but 
there are also others produced by the action of re-agents 
on these, or on other principles; such as pyrouric, pur- 
puric, saccholactic, &c. 'They will be described along 
with the substances in which they exist, or from which 
they are formed, as by this means the account of their 
properties, and of the methods of procuring them, will 
be more easily understood. : ) nie 


SECTION III. 


OF THE DIFFERENT PARTS OF THE 
ANIMAL BODY. 


Tur different parts of which the animal body is com- 
p y 

posed, may be divided into fluids and solids, in which 

order it will be most convenient to treat of them. 


ANIMAL FLUIDS. 


BLoop. 


The chemical history of blood has long engaged the 
attention of philosophers ; it is but lately, however, that 
any thing like precise information concerning it has been 
acquired. Rouelle was the first who published an accu- 
rate account of it, since which it has successively been 
examined by Fourcroy, Deyeux, Parmentier, Brande, 
and Berzelius. The purposes which it serves in the ani- 
mal economy, and the changes it occasions, have been in- 
vestigated by Black, Crawford, Ellis, Edwards, and many 
others. 

Blood varies in different animals. In the lower classes 
it is colourless, but in the higher orders it is of a red 
colour, the last of which only has been examined, so that 
the following detail of its properties refers to it alone. 
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Blood, when recently drawn, has a thickish consistence, 
and an unctuous feel. It has a saline taste, and a faint 
peculiar odour. When taken froma vein, it is of a dark 
purple colour, but from an artery it 1s bright red. Its 
sp. gr. varies from 1030 to 1056. 

After it has stood for some time, it undergoes sponta- 
neous changes. A watery vapour arises from it, and it 
gradually separates into two distinct parts; a thin yel- 
lowish fluid called serum, and a thick red coagulum, 
termed clot, cruor, or crassamentum, the proportions of 
which vary in different individuals, and even in the same 
at different times. In general, the latter is three times 
as much as the former, but in some instances: it is not 
more than twice, and in a few rare cases it has been found 
not to exceed it. 

Serum is of a yellowish green colour, having the taste, 
feel, and peculiar odour of blood. Its sp. gr. varies from 
1020 to 1080. It changes vegetable blues to es ow= 
ing to the presence of uncombined soda. | | 

When subjected tc a temperature of about 160, it co- 
agulates in the same way as white of eggs, and its colour 
is also changed. If, when in this state, it be cut, a thin 
fluid exudes from it, commonly called serostty, which is 
merely the watery part, retaining the salts in solution. 

According to Dr Marcet, and with whose analysis that 
of Berzelius very nearly agrees, the vai ace — of 
serum are, 


water, - “ me 900. 
albumen, = - eae Ss 86.8 
muriates of potass and soda, 6.6 
sulphate of potass, a. 0.35 
sub-carbonate of soda, - 1.65 
earthy phosphates, bs 0.6 
-muco-extractive matter, 4. 
100.00 


The muco-extractive matter is eteieds to be impure 
lactate (acetate) of soda. 
It was at one time supposed, that besides the ingre- 
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~ dients above enumerated, gelatin also existed in serum, 
but which has, by the most satisfactory experiments, 
been shewn to be a mistake, and has originated in infu- 
sion of tannin throwing down a precipitate from the sero- 
sity. Bostock, Marcet, and others, have proved, that 
after all the albumen is removed, tannin does not occa- 
sion precipitation. ‘The removal of the albumen is easi- 
ly effected by corrosive sublimate, and if, after filtration, 
tannin be added, it does not produce any change. Se- 
rum, it has been supposed, also contains sulphur, be- 
cause, when kept for some time, it exhales fumes that 
blacken acetate of lead; but though this proves the pre- 
sence of sulphur, it is no proof whatever that it exists un- 
combined. 

The clot or crassamentum is thick like jelly, and when 
the blood has been taken from a vein, is of a purple co- 
lour, but.by exposure to air, gradually becomes bright 
red. _When subjected to heat, the usual products are 
given off. 

By the action of water it is resolved into its component 
parts, a red soluble matter, and a white elastic substance, 
which is insoluble. To effect the separation, after being 
cut into small pieces, it is put into a bag, and exposed to 
a stream of water till it passes off colourless, being at the 
same time constantly subjected to pressure. The fluid 
which first comes off is red, and contains the colouring 
matter, along with a little albumen. What remains 
in the bag is fibrin, possessing all the properties of that 
obtained from other sources. According to Berzelius, 
they are in the proportion of fibrin and albumen 36, 
colouring matter 64. That the crassamentum retains 
albumen is evident ; for, on throwing it into boiling wa- 
ter, the fluid instantly becomes turbid. 

The colouring matter, when viewed through a micro- 
scope, is observed to consist of very minute vesicles, ap- 
parently of about 1-6000th to 1-4000th of an inch. in 
diameter. They seem to be soluble in water, or rather 
~ to contain something that communicates to it their pecu- 
liar colour, the globule itself remaining entire. The 
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solution changes vegetable blues to green, and becomes 
muddy on boiling, from the presence of albumen. They 
are also soluble in acids, alkalies, and in alcohol. When 
subjected to heat, the animal matter is destroyed,and there 
remains a residue, consisting, according to Berzelius, of 


oxid of iron, a 4 50. 
sub-phosphate of iron, - 7.5 
phosphate of lime, “ are 
lime, - _ f “ 20. 
carbonic acid and loss, - 16.5 
100.0 


With respect to the nature of the colouring matter, it 
was at first supposed by Fourcroy and Vauquelin, that 
it depended on the presence of iron, probably in union 
with phosphoric acid. 'They found, that when the resi- 
due of the incineration was digested in nitric acid, part of 
it was dissolved, part continued of a red colour. On 
the addition of ammonia to the solution, a white precipi- 
tate fell, which, when mixed with potassa, became dark 
red, and on the addition of lime water, gave a deposit of 
phosphate of lime. They therefore imagined, that a 
compound similar to the white precipitate, and which is 
sub-phosphate of iron, exists in the blood dissolved by 
an alkali, and that in this state it gives the red colour 
to the albuminous matter. In farther confirmation of 
this opinion, they state, that when sub-phosphate of iron 
was dissolved in serum, it made it red, (System of Chem. 
Knowledge, ix.) 

Though these experiments prove that iron exists in 
considerable quantity in the colouring matter, yet the 
conclusions are not borne out by the experiment of others. 
Berzelius, (Med. Ch. Tr. iii.) though he detected ‘iron in 
it, did not sueceed in obtaining a red coloured substance ; 
by dissolving the sub-phosphate in serum, indeed, ac- 
cording to him, it is dissolved with great difficulty. He 
was unable also, by the usual re-agents, to indicate the 
presence of iron, except in very minute quantity, so long 
as the animal matter was not destroyed, but after the in- 
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cineration, it was easily detected ; from which he infers, 
that the sub-phosphate mentioned by the French che- 
mists must be produced during the process. 

Brande (Ph. Tr. 1812,) has advanced an opposite 
opinion with respect to the colouring matter. He sup- 
poses it to be an animal substance, of a peculiar nature, 
acting in a similar manner to the other colouring princi- 
ples of organic bodies, and in which he could not detect 
more iron than is usually met with in animal products in 
general. ‘To procure it pure, as he conceived, venous 
blood was stirred during coagulation, by which the fibrin 
was removed, and the serum holding it in suspension, 
when kept at rest, deposited it in its concentrated state. 

As thus obtained, it was soluble in cold water, the so- 
lution acquiring a red colour; but when heated to about 
200, the colour disappeared, leaving a pale brown tint, 
and the fluid became muddy, from the deposit of inso- 
luble matter, for, on filtration, a transparent colourless 
liquid passed through. | 

The stronger acids, as sulphuric and muriatic, and 
also some of the vegetable ones, as acetic, oxalic, citric, 
and tartaric, according to him, dissolve the colouring 
matter, and afford a red solution. Nitric acid, however, 
changes it to brown. It is soluble also in alkalies, and 
in their carbonates, and without having its appearance 
altered. 

The watery solution is affected by some of the re- 
agents that are usually employed to change the appear- 
ance of common colouring matter. Thus the salts of tin 
and of mercury, throw down red coloured precipitates, the 
latter acting as a powerful mordant, so that cloth previ- 
ously soaked in it, and then in the solution of the co- 
louring principle, was dyed permanently a beautiful red. 

These experiments, according to Brande, are sufficient 
to overturn the opinion, that phosphate of iron, or indeed 
that any of the compounds of that metal, is the cause of 
the red colour, and they seem, he asserts, to warrant the 
conclusion, that it is entirely of an animal nature. 
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In opposition to these experiments, however, Engel- 
hart (Ed. Med. and Surg. Journ. January 1827,) asserts, 
that he has succeeded in detecting iron in the red parti- 
cles, and thus, contrary to the position of Berzelius, has 
proved, as he supposes, that this metal, in some particular 
state of combination, is really concerned in the produc- 
tion of the colour. He procured the colouring matter 
pure, by mixing the solution of the particles obtained in 
the usual way, with a considerable quantity of water, 
and heating it, by which the colouring principle was coa- 
gulated, but owing to the great state of dilution, there 
was no coagulation of the albuminous matter with. which 
it was mixed. | | : 

As thus obtained, the insoluble substance supposed to 
be the pure colouring matter, was brown, but when dried 
by the application of a slight heat, became red. It was- 
soluble in alkalies, acquiring the colour of blood. On 
transmitting a stream of chlorine through the solution 
of the red particles, a white flocculent matter was de- 
posited, and in the fluid after filtration, which was 
transparent and colourless, iron was indicated by the 
usual re-agents, though it could not be previously de- 
tected, the presence of animal matter apparently pre- 
venting the action of the tests; and thus he accounts © 
for the failure in the attempts of Berzelius to discover 
it. Though Engelhart has thus succeeded in. ascer- 
taining the presence of iron in the solution of the colour- 
ing matter, his experiments do not go to prove, in what | 
state of combination it exists, nor how it acts on the 
other substances, so as to produce the red colour. i 

This opinion of Engelhart, agrees in some respects | 
with that of Fourcroy and Vauquelin, and it accords with — 
that of Prevost and Dumas, who, in an elaborate paper 
in the An. de Ch. et de Ph. Xxili., state that the colour- 
ing matter is composed of peroxid of iron, and an animal 
substance, probably albumen. | Br 

To obtain fibrin pure from the clot, it is cut into 
pieces, and placed between plies of bibulous paper, which 
when they have become saturated with fluid, must be re- 
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moved, and replaced by others; and in this way the process 
must be carried on till nearly the whole of the colouring 
matter is withdrawn, after which, the residue is put into a 
bag, and washed till it becomes colourless. As thus ob- 
tained, it has all the properties of fibrin got from other 
sources. 

Since fibrin is thus procured from blood, it is evident, 
that it must exist in it either fluid, or in minute glo- 
bules, in which state it continues as long as it remains in 
the circulating system; but when the blood is drawn, it 
begins to assume its solid form, and hence the cause of 
the coagulation. The time at which this commences 
varies according to circumstances, but in general it be- 
gins in about 3 or 4, and is completed within 8 minutes. 
Though this may be stated as the time required to effect 
the coagulation, yet it may be shortened or prolonged by 
different means. Dr Scudamore found, that by keeping 
it at an elevated temperature, it went on more rapid- 
ly than usual, whereas when it was reduced, it pro- 
ceeded slowly ; and in one instance when it was kept at 
40, it required an hour to gpmplete it, though part of 
the same fluid, the temperature of which was not allow- 
ed to sink below 60, became quite firm in five minutes. 
(Scudamore on Blood.) 'The state of the vital powers 
also influences it materially. When the person from 
whom the blood is taken is in good health, it goes on 
more slowly than when he is weak. The last portions 
drawn also coagulate more quickly than the first, and 
especially if syncope, or a tendency to it, supervenes. 
Substances mixed with the blood have also an effect on 
it; solutions of sea salt, sal ammoniac, nitre, and some 
others, prevent it, whereas those of some of the metallic 
compounds accelerate it. 

~ During the coagulation, it has been stated by Dr Gor- 
don, that heat is evolved, (An. of Ph. iv.) ; but Dr Davy 
(Journ. of Science ii.) denies that this is the case, the rise 
of the thermometer in Gordon’s experiment, being owing 
to some foreign cause. It has been ascertained, however, 
by others, that blood, which may be supposed to be at 
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cabout 98, when drawn, cools more slowly than other 
-fluids brought. to. the same temperature ; from which it 
-would appear that heat is réally evolved during the 
change) 2/0 620. me hix zon bode ee 
: It has ‘been asserted. by some, that carbonic acid gas is 
disengaged during the coagulation, but very different 
results: have been obtained by other chemists. Brande, 
Scudamore, and-others, state that, when kept im vacuo, a 
gaseous matter was evolved, which, from its rendering 
lime water turbid, must. have been carbonic acid ; while 
‘Dr Davy and others, shave failed in obtaining it. under 
similar circumstances.: ; a Tee 
._ With respect to the cause of the coagulation, physiolo- 
gists are by no means agreed, It, has been successively 
accounted for, by the cessation of the state of agitation in 
which it is constantly kept while circulating through the 
body, to, the reduction of temperature, and to similar 
causes ;, the first of which opinions is still maintained. by 
Prevost and Dumas,, in the paper already alluded: to, 
(An. de Ch, et de Ph. xxiii.) . They say that they have 
found, by microscopic observations, that blood consists 
of serum, holding insoluble corpuscles in suspension, 
composed of a,central colourless spheroid, surrounded by. 
a thin transparent membrane of a red colour, and from 
which it is easily separated. ‘They account for the coa- 
gulation by supposing, that when the movement of the 
blood ceases, the globules are drawn together, and thus 
in a great measure entangle the red membrane which re- 
mains in the clot. This is at variance, however, with 
the fact, that blood. when removed from the body is coa- 
gulated, though kept constantly agitated.. The same is 
the case also with reduction of temperature, which, in- 
stead of promoting, retards the change. These opinions, 
have therefore been abandoned, and the fluidity is now 
supposed to. be occasioned, either by a principle of vi- 
talityinherent in. the blood itself, or by the impress of 
vitality it receives from the vessels through which it, 
ciroulates. [5-ntsjsonen aed ee j -omioe ¢ 
. From what, has now been said, blood, it is evident, is a. 


very heterogeneous fluid. Its component parts, according 
to the account given of it, are water, albumen, fibrin, 
muriates of potass and soda, sulphate‘of potass, sub-car- 
bonate of potass, lime, phosphates of lime and of magne- 
sia, oxid of iron, and muco-extractive matter, ( Acctate of 
soda.) _ In addition to these, sub- phosphate of iron has 
also been mentioned ;. but its existence is denied by Ber- 
zelius, who, though he admits the presence of iron, thinks 
that the phosphoric. acid with which it is supposed to be 
in‘union, is formed during the process of analysis. 

The different re-agents produce effects on blood, taken 
in its entire state, corresponding to those occasioned on 
the substances of which it is composed. 

« When exposed to heat, the watery part: is driven off, 
tae a dark coloured substance is left, which in a humid 
atmosphere becomes putrid, but in a dry one may be 
kept unchanged. If the residual matter be exposed to a 
high temperature, it is decomposed with inflammation, 
and the emission of a disagreeable odour; the products 
being carbonate of ammonia, a fetid oil, hydro-cyanic: 
and phosphoric acids, and a residue consisting of saline 
matter. 

. From the changes which it thus undergoes, and the 
formation of cyanogen, hence.the method of forming the: 
ferro-cyanate of potass, as already described, the carbon. 
and nitrogen uniting to: form ‘cyanogen, ‘which with the 
iron produces the compound radical that is supposed. to: 
combine with the hydrogen, to generate the hydro-ferro-: 
ceyanic acid, (p- 13.) | 
_» Blood is soluble in water. Hence if, when recently: 

drawn, it is mixed with it, it does not coagulate; but if: 
the solution be exposed to heat, a ye precipitate is. 
formed. 

- The acids, when mixed with bloods render it dark co«: 
loured, and produce coagulation of its albumen. The 
alkalies, on the contrary, as they dissolve albumen, do not: 
affect: it, but alcohol and infusion of tannin pbddliroe 
changes similar to those of acids. 

. It has been already stated, that blood varies in its ap- 
T 2 
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pearance; according as it is taken from the venous or ar- 
terial system. When from the former, it is dark purple; 
but from the latter bright red ; from which it is evident, 
that it must undergo changes during its passage through 
the vessels. If it be examined as it proceeds from the 
heart in its way to the lungs, it is purple, but as it passes 
from them to the heart, it is red, so that the conver- 
sion from venous to arterial must go on in the lungs, and 
is therefore occasioned by respiration. 

Respiration. During this process, the air which is re- 
ceived into the lungs, and almost instantly expelled, un- 
dergoes particular changes, by which its properties are 
altered; for it is no longer able to support combustion, 
which was first ascertained by Black, to be owing to its 
containing carbonic acid, as is easily proved by blowing: 
through a tube into lime water. After Dr Black had 
proved the formation of carbonic acid during the act of 
respiration, numerous experiments were made by diffe- 
rent chemists, to ascertain its quantity, and that of the 
oxigen consumed ; but the results were discordant, owing 
to some using too little air, to others having inclosed the 
animals in it; by which the products were affected by cu-: 
taneous perspiration. Other circumstances also, as diet, 
and the state of circulation, caused sources of error in 
the experiments. 

Crawford and Lavoisier were the first who experi- 
mented on the subject. The former found, that when an 
animal was confined in oxigen gas, 40.86 cubic inches of 
carbonic acid were evolved, and 56.86 of oxigen consum-, 
ed, (Crawford on Animal Heat.) Lavoisier, from experi- 
ments performed in a similar way, concluded that, for, 
each 26 grains of acid generated, 23.2 of oxigen disap-. 
peared, (An. de Ch. v.); so that from both of these it 
would appear, that more oxigen is removed than is neces- 
sary for the formation of the acid gas. Other chemists, ' 
nearly about the same time, arrived at a similar conclu- 
sion, but the experiments of Allen and Pepys, (Ph. Tr- 
1809,) performed on a large scale, and in which every , 
source of error seems to have been cautiously ‘avoided, 
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shew the inaccuracy of these results. They found that 
in natural respiration, there was no diminution in the 
volume of the respired air, at. least it was so trifling, as 
_ to be altogether unworthy of notice; consequently there 
‘was not more oxigen consumed, than there was carbonic 
acid formed, this elastic fluid, it is well known, occupy- 
ing the same volume as the oxigen employed in its for- 
mation. ‘The proportion of acid in the expired air, they 
found, amounted, during natural respiration, to 8.5 per 
cent. by volume. When the same air was frequently 
breathed, it was 9, and even in some instances so high 
as 10 per cent., but they could not by continued inspi- 
rations make it go beyond this. The actual quantity 
formed by each inspiration, or during a certain time, of 
course must vary, according to the bulk of air inspired, 
and the frequency of the inspiration. 

The experiments of Dr Edwards, (de Influence des 
Organs Physiques sur la Vie,) confirm, generally, those of 
Allan and Pepys; at the same time, however, they shew 
that the acid formed is not always equal to the oxigen 
consumed, as was particularly the case in some of the 
lower animals. 

Lavoisier was induced to believe, that the nitrogen of 
the air served no particular purpose during respiration. 
Davy, however, found in his experiments, that a little of 
it was absorbed, (Researches on Nitrous Oxid); while 
Allan and Pepys, on the contrary, observed that in some 
of their trials there was actually an evolution of it, par- 
ticularly in those instances when oxigen alone was breath- 
ed. In natural respiration, however, the last chemists 
found that there was no diminution in the volume of the 
‘Tespired air; and, as the oxigen removed was supplied 
by its equivalent of carbonic acid, they, of course, con- 
cluded that there was no change on the quantity of ni- 
trogen. Edwards, in the publication alluded to, has 
however shewn, that though at times the nitrogen does 
not suffer any change, yet occasionally i it is, in some instan- 
ces, increased, in others diminished. He concludes, 
from his numerous experiments, that it is actually ad- 
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‘sorbed into the system, and afterwards discharged ; and 
that each of these actions’ is regulated by the constitu 
tion, habits, and circumstances of the individual, and by 
the influences to which he may be subjected, the absorp- 
tion being sometimes to a small extent, while the exha- 
lation is considerable; and, on the contrary, the exhala- 
tion being sometimes slight, while the absorption is great. 
When the exhalation predominates, there is an increase 
in thé volume of nitrogen; and when, on the contrary, — 
the absorption preponderates, there is a diminution. If 
the one equals the other, of course’ there is no alteration 
in its quantity. p hives yah 3 ye OF es 
Watery vapour is always exhaled from the lungs. 
“This was at one time supposed to be formed by the union 
of the oxigen of the air with the hydrogen of the blood s 
an opinion now abandoned, as it has been proved, by the 
experiments of Allan and Pepys, that the whole of the 
oxigen goes to the production of carbonic acid. Weare 
to consider the vapour, therefore, merely as an exhalation 
from the’ surface of the membrane of the air-cells. 
According to'Dr Murray, about 3 grains of water are 
given off in a minute, during natural respiration. — 
Two theories have been advanced to’ account for the 
changes induced by respiration. By one it is supposed that 
the carbonic acid, which previously existed in the blood, 
+s evolved in the air cells, and that the oxigen of the at- 
mospheric air is absorbed, and being carried through 
the circulating system, gradually enters into union with 
the carbon, to form carbonic acid. By the other it is 
supposed, that the oxigen of the air isnot absorbed by 
the blood, but at once combines with its carbon when in 
the lungs; to produce the carbonic acid, which is instant- 
ly disengaged. With respect to the last, which is gene- 
rally received, two opinions have been entertained of the 
manner by which the acid gas is generated. ‘Some ima- 
gine that the oxigen passing through the membrane of 
the air cells, combines with carbon, and comes off in the 
form of carbonic acid ; while others suppose that the car; 
bon in vapour is evolved from the blood, and: passing 
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through the membrane into the cells, forms with the oxi- 
gen the acid gas, (Ellis on Respiration.) . 

Different circumstances cause a variety in the pheno- 

mena of respiration. Crawford, and Lavoisier and Se- 
guin, found that less oxigen is consumed, and .conse- 
quently less carbonic acid formed at a high than at a na- 
tural temperature ; but during digestion and exercise, the. 
quantity was greater than. natural. Dr Prout, (An. of 
Ph. xiii.) has also shewn, that speaking, and the depress- 
ing passions, lessened the quantity of carbonic acid ; 
and from experiments which I have performed, (Inaug. 
Dissert. 1814.) the same was occasioned by the use of 
vegetable food, and spirituous fluids. Dr Prout has like- 
wise found, that the quantity varies at different times, 
being more abundant during the day than at night. 
_. The changes that the blood and air undergo during re- 
spiration, serve important purposes in the animal econo- 
my. ‘The superabundant carbon of the system is car- 
ried off. It is supposed also to be owing to them, that 
animals possess the wonderful faculty of preserving their 
temperature above that of the surrounding medium. __ 

There are strong proofs in favour of this opinion. It 
is well known, that whatever raises the temperature of 
the body, as violent exercise, increases the consumption 
of oxigen in the lungs; whereas when an animal is kept 
in a medium warmer than itself, little or no change takes 
place during the circulation ; the venous is nearly of the 
same colour as arterial blood, and scarcely any oxigen 
disappears, the supply of heat required being small. | In 
those animals in which the organs of respiration -are 
large, the temperature is not much changed by altera- 
tions in that of the surrounding medium ; ‘but ‘in those 
in which they are small, and in which of course the quan. 
tity of oxigen consumed must be trifling, it varies ac+ 
cording to circumstances. Dr Crawford was the’ first 
who advanced a theory to account for the production of 
animal heat, and the uniform distribution’of it over the 
body, (Crawford on Animal Heat.) In examining the ca- 
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pacity of venous and arterial blood, he found that there 
was a considerable difference between them, the former 
being 892, and the latter 1030, compared to water as 
1000. He therefore supposed, that by the union of the 
carbon of the former with the oxigen of the air, by 
which carbonic acid is generated, heat is disengaged ; but 
as by this action the venous blood is instantly arterializ- 
ed, the capacity is increased, so that the heat, instead of 
becoming sensible, is absorbed, and thus, though there 
is actually the production of it in the lungs, yet their 
temperature does not rise. The arterial blood being car- 
ried through the circulating system, arrives at the ex- 
treme vessels, where it is gradually again converted to 
venous, by which its capacity must be diminished, and 
heat evolved; and as this change goes on slowly, it is 
equally distributed, and the temperature thus kept al- 
ways nearly the same. The venous blood, loaded with 
carbon, is in this state brought again to the lungs, again 
to be arterialized, and give rise to the evolution, of heat. 
This opinion of Crawford, provided the facts on which 
it is founded are correct, will account satisfactorily for. 
the production of heat, and its uniform distribution over 
the body. Subsequent experimenters do not however 
allow, that there is really such a difference in the capa- 
city of venous and arterial blood, as stated by him; in- 
deed, according to Dr Davy, there is little or none, 
(Ph. Tr. 1814.) : 
Allowing Davy’s experiments to be correct, the distri- 
bution of heat, supposing it dependent on respiration, 
may be accounted for in two ways: That when evolved 
in the lungs, the temperature of the arterial blood is rais- 
ed, and in this state it is conveyed to the different parts 
of the body, to give out that which it had received ; and 
this opinion Davy himself is induced to adopt, for on ex- 
amining the temperature of venous and arterial blood, 
he found the latter in the carotid artery, to be higher by 
1.5, or by 2 degrees, than the former in the jugular vein. 
The other method of accounting for the production and 
distribution of heat, is founded on the supposition, that 
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the carbonic acid is formed not in the lungs, but in the 
arterial blood during its circulation, by its carbon unit- 
ing with the oxigen absorbed by it from the air, in its 
passage through these organs, the heat generated by the 
formation of the acid, being of course communicated to 
the surrounding parts. 

- Though it is generally admitted, that the source of 
animal heat is dependent on the changes produced on the 
blood by respiration, and during its passage through the 
circulating system, it has been attempted to be proved, that 
these have no share whatever in its production, but that 
it is to be ascribed to nervous influence. Mr Brodie, who 
advocates this opinion, (Ph. Tr. 1811,) asserts, that by 
keeping up artificial respiration in animals recently killed, 
and by which the usual changes were induced in the 
lungs, oxigen being absorbed, and carbonic acid evolved, 
the venous being at the same time changed to arterial 
blood, the temperature fell, proving, as he supposes, that 
there was no generation of heat. In one instance, that of 
a rabbit sunk in 30 minutes from 97 to 90, while that of 
another killed at the same time, and in which the respi- 
ration was not continued, fell from 97 to 91. These ex- 
periments of Mr Brodie, however, if maturely viewed, 
will be found rather to strengthen than invalidate the 
opinion, that the production of heat is dependent on 
respiration. In those, for example, in which it was 
kept up, the lungs were constantly exposed to a re- 
newal of cold air, which must have cooled the animal, 
not merely by the direct abstraction of caloric, but also 
by causing evaporation from the surface of the lungs ; and 
as the temperature did not fall below that of the animals 
in which artificial respiration was not performed, we are 
warranted in concluding that heat was disengaged. 

Though, however, these experiments do not in the 
least militate against the generally received opinion, it 
must not be supposed that the whole of the heat by 
which the temperature of animals is kept above that of 
_ the surrounding medium, is evolved by the changes pro- 
duced by respiration. It is well known, that under cer- 
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tain circumstances, oxigen is absorbed through the skin; 
and carbonic acid disengaged *, so that this may proba- 
bly give rise to the production of heat; besides, it is not. 
at all unlikely, that the different changes which the 
blood is constantly undergoing, during the production of 
the animal solids and fluids, may have some share in 
the disengagement. 


Fluids subservient to Digestion.—Saliva, Gastric and 
Pancreatic Juice, Bile. | 


SALIVA. 


Saliva is a transparent colourless fluid like water, but 
rather more viscid, and, as usually procured, it is frothy, 
from the admixture of atmospheric air. It is destitute 
of taste and smell. Its sp. gr. is 1008. When heated - 
in close vessels, it gives off watery vapour, and a solid re- 
sidue remains, consisting of saline ingredients and a little 
animal matter. ’ 
. When exposed to air, saliva seems to absorb oxigen, 
and become thicker. When mixed with water, a flaky 
matter is precipitated. The acids coagulate it.. The 
alkalies make it give out the odour of ammonia. Nitrate 
of silver throws down a precipitate of phosphate and mu- 
riate. of silver, and oxalate of ammonia precipitates lime. 
Muriate of mercury does not: affect it; but sub-acetate 
of lead throws down a copious precipitate. 


* Though different statements have been given with respect to the nature of 
cutaneous exhalation, the experiments of Collard de Martigny, (Med. Rep, 
N.S. v.) prove satisfactorily,"that carbonic. acid is disengaged through the skin ; 
and he accounts for the discordance in the results of the experiments of others, 
Py its being evolved only at certain times. ste benet Shes 
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According to Berzelius, she composition of saliva is, 


water, 201% Pt) 929.9 
mucus, ~ “ 1.4 
alkaline muriates, 4 pa A 
soda, 2 Z 2 
lactate, (acetate of soda,) 9 
animal matter, ’ 
peculiar animal matter, 2.9 
1000.0 


When saliva is exposed to the galvanic influence, a 
precipitate collects around the negative wire, from which 
Mr Brande infers that it contains albumen, even though 
the usual tests cannot detect it; and Tiedemann and 
Gmelin (Sur Ja Digestion) assert, that besides the usual 
ingredients, they have detected in it osmazome and sul- 
pho-cyanate of potass’; the latter being indicated in it by 
the red colour which it gives to per-salts of iron, a pra. 
perty peculiar to sulpho-cyanates. 

The same chemists state, that the saline matter pro- 
cured by the evaporation of saliva, and incineration of 
the residue, consists of carbonate, phosphate, sulphate, 
and muriate of potass, phosphate of lime, and a minute 
quantity of carbonate of lime and of magnesia. In the 
saliva of sheep there is also sulpho-cyanate, and the car- 
bonate of potass is in such quantity as to cause efferves- 
cence on the addition of an acid. ‘The saline ingredients 
in that of hogs is the same, with the exception of the 
sulpho-cyanate, which they could not detect in it. 

Tartar, the incrustation formed on teeth, is supposed 
to be a deposit from saliva. According to Berzelius, it 
consists of : 


earthy phosphates, - - 1D 
undecomposed mucus, - - 12.5 
-peculiar salivary matter, - 1. 


‘ animal matter soluble in muriatic acid, 7.5 


100.0 
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GASTRIC JUICE. 


The food, after being subjected to trituration, and 
mixed with saliva, is received into the stomach, where it 
undergoes the process of digestion, by which it is con- 
verted to a pulpy mass called chyme. It was at one time 
imagined that digestion was accomplished by the pres- 
sure exerted on the food by the coats of the stomach ; 
at another time, that the changes were the result of fer- 
mentation. It is now, however, allowed, that they are 
occasioned chiefly by the chemical action of a fluid se- 
creted from the coats of the stomach, called gastric juice. 

We cannot place much confidence in the experiments 
made with the view of ascertaining the properties of gas- 
tric juice, owing to the difficulty, or rather the i impossi- 
bility, of procuring it pure. Spallanzani obtained it by 
forcing hollow balls, with their sides perforated, and con- 
taining pieces of sponge, into the stomachs of animals 
that had been kept for some time without food. The 
sponge, when withdrawn and squeezed, yielded a fluid, 
supposed to be gastric juice. It may also be obtained 
by inducing vomiting, after an individual has been ae 
for some time fasting. 

As thus procured, it is transparent and colourless, hay- 
ing a saline taste, and without acidity. According to 
Spallanzani, it does not undergo putrefaction, and pre- 
vents other substances from putrefying. It is precipi- 
tated by nitrate of silver, and it seems to contain a mi- 
nute quantity of albumen, gelatin, and mucus. 

We are better acquainted, however, with the proper- 
ties of gastric juice when in the stomach, several curious 
and interesting experiments having been performed by 
Reaumeur, Spallanzani, (Dissertations, vol. i.) and Stee- 
vens, (Inaugural Dissertation.) When substances com- 
monly used as food were inclosed in metallic balls, 
with their sides perforated, and forced into the stomach, 
they were dissolved, and in this way the solvent power 
of the fluid has been proved, because they were com- 
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pletely excluded from pressure; indeed, so great is its 
power of dissolving, that it has been supposed by Mr 
John Hunter, that the erosions sometimes found in the 
coats of the stomach of those who have died suddenly 
after fasting, were occasioned by it. 

The gastric juice has been found to differ in different 
animals, according to the food on which they are accus- 
tomed to live. In general, that of the carnivorous class 
produces little if any effect on vegetables, while that of 
the gramenivorous does not affect animal matter. That 
of man dissolves both animal and vegetable bodies, man 
being omnivorous. 

It is well known, however, that animals may be brought 
to live on food altogether different from that which na- 
ture intended for them ; a change, however, which must 
be effected very cautiously. Hence carnivorous may be- 
come grameniyorous, and the gramenivorous carnivorous 
animals, from which it is evident that the gastric juice 
changes its nature, since it becomes a solvent of food 
which it could not previously dissolve. 

Though gastric juice has thus been found to have a 
_ very powerful effect on the different substances received 
into the stomach, it must not be supposed that digestion 
is occasioned merely by its solvent powers ; the pressure 
exerted by the muscular coats of the stomach must have 
its influence, as happens more particularly in the lower 
animals, as in birds, which are furnished with a strong 
muscular organ, by which the aliment is subjected to 
powerful pressure, and thus rendered more easily attack. 
ed by the gastric juice. 

- Gastric juice has the property of coagulating milk ; 
hence the use of the decoction of the stomach in procur- 
ing curd, (See Milk.) 

In addition to the gastric juice found in the stomach, 
Dr Prout has shewn that there exists a considerable 
quantity of free muriatic acid, the evolution of which 
seems to commence almost immediately after the intro- 


duction of food, (Ph. Tr. 1824,) a fact which has been 
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confirmed by the experiments of Tiedemann and Gmelin; 
(Sur la Digestion,) who have found not only muriatic, 
but also acetic acid, and which, they are of opinion, are 
agents employed in the solution of the food. | es 
- When the food has undergone the process of digestion, 
it is converted to chyme, in which state it passes into the 
intestinal tube, where it undergoes new changes.. Being 
acted on by the pancreatic and biliary fluids, part of it 
becomes chyle, which is absorbed by the lymphatics, the 
yemainder is excrementitious, so that digestion, though 
begun in the stomach, is finished in the intestines. : 


PANCREATIC JUICE. 


Pancreatic juice has been examined by Tiedemann and 
Gmelin, who have found it to contain albumen, a sub- 
stance like acid, salivary matter, and osmazome, ‘with 
_ the same salts that exist in saliva, with the exception of 
sulpho-cyanate of potass. sA2 


BILE. 


The chemical examination of bile has engaged the at- 
tention of many distinguished chemists, particularly of. 
Cadet, Thenard, and Berzelius ; and more lately, Tiede- 
jnann and Gmelin, in their work on Digestion, have point- 
éd out many new facts concerning it. Though’ the bile: 
of different animals has been subjected to analysis, yet’ 
that of the ox is the one that has been most examined 5, 
indeed, from it the properties have been generally de~ 
scribed. ences } 

Ox bile has a yellowish green colour; an intensely bit- 
ter taste, and a faint peculiar odour. It has an unctuous. 
feel, and is of a thickish consistence, though this varies 
much according to the time it has continued in’ the gall-. 
bladder, as it gradually becomes thicker when retained 
in it, owing to the absorption of its watery part,’ so that 
its sp. gr. must also -vaty. -It-is in general: from about: 
1020 to 1030. When litmus paper is put into it, it be- 
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‘comes blue, -shewing that it contains uncombined alkali 
which has been found to be soda. : 

When kept for some time exposed to the air, it emits 
'.a fetid odour, and soon runs to putrefaction. 

When subjected to heat in close vessels, a watery fluid, 
shaving the odour, but not the taste of bile, comes over ; 
the residue, amounting to about 1-10th, is dark-coloured 
-and tenacious, having a bitter taste, and being deliques- 
cent, and soluble in water. When the temperature is 
high, it is decomposed, and the usual products are given 
off, but with rather more empyreumatic oil than is pro- 
duced by other animal substances in general. A large 
quantity of charcoal is left, containing the saline ingre- 
dients, which, according to Thenard, (Mem. @Arcueil, i.) 
are phosphate, muriate, and sulphate of soda, phosphate 
of lime, with free soda, and a trace of iron. 

Bile readily unites with water. 

'. It is easily decomposed by acids, by alcohol, and some 
of the compound salts, by which its component parts are 
discovered. 

By the addition of muriatic acid, a yellow precipitate 
is formed, consisting of a peculiar yellow matter, and a 
little resin. On evaporating the fluid after filtration, a 
flaky substance is procured, which, from its inflammabi- 
lity and solubility in alcohol, is considered similar to 
resin. It has, in a great measure, the colour and taste 
of bile. It may also.be obtained, though not pure, by 
the addition of alcohol, by which the albuminous and 
yellow matter are precipitated. 
» The yellow matter thrown down in these different ex. 
periments, is supposed also to be peculiar to bile. 
Though insoluble, yet,. when acted on by soda, and the 
other substances present in bile, it becomes soluble. It 
is supposed to be the principle which causes the bile to 
run so easily to putrefaction, and it appears also as an 
ingredient of biliary concretions. In some of its proper~ 
ties it resembles albumen. sh } lo 

- By the addition of Goulard’s extract, the yellow mat- 
ter, and resin, are precipitated, and a peculiar substance: 
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is left in solution, for the discovery of which we are 
indebted to Thenard, (Mem. d’Arcueil, i.) though it had 
been previously noticed by Cadet, (Mem. de l’Acad. de 
Sciences 1767.) He gave it the name of picromel, (wingos, 
bitter, mel, honey.) . ; 
The process by which Thenard at first succeeded in 
procuring it, consists in adding sub-acetate of lead to bile, 
by which the albumen and colouring matter are deposit- 
ed. On filtering the fluid, and passing sulphuretted hy- 
drogen through it, the superfluous lead is removed, and 
picromel with acetate of soda, formed by the union 
of the free soda and the acid of the metallic salt, 
are held in solution, and are procured by evaporation. 
To separate these, the residue, after being dissolved, is 
mixed. with sugar of lead, by which the picromel and oxid 
are deposited, and from which the latter is thrown down, 
by dissolving the precipitate in vinegar, and exposing it 
to the action of sulphuretted hydrogen; the former is 
left in solution, and may be obtained by evaporation. 
Picromel, as thus procured, is not however pure, it still 
retains a little resin, but from which it may be freed by 
repeated precipitation by sub-acetate of lead, and removal 
of the excess of metal by sulphuretted hydrogen; in fact, 
this forms the best process for procuring it ; first to add 
sugar of lead to bile, and into the fluid, after filtration, to 
throw Goulard’s extract, by which picromel, oxid of 
lead, and resin, are thrown down. . Having washed the 
precipitate, and suspended it in water, the lead, and 
greater part of the resin, are separated by the transmis- 
sion of sulphuretted hydrogen; but it requires this last 
part of the process to be frequently repeated, so as to re- 
move the whole of the impurities. 
Picromel has a peculiar sweet taste, but leaving a dis- 
agreeable bitter sensation. It is soluble in water and in 
alcohol. It combines with acids, and forms compounds, 
which are in, general insoluble. It unites also with some 
of the metallic oxids, and forms insoluble compounds 3 
hence its watery solution is precipitated by salts of mer- 
cury and of iron. It is not precipitated by infusion of 
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nut-galls, It has the power of dissolving resin ;. indeed, 
it is chiefly by its agency that the resin is held in solu- 
tion in bile, for, when united with it, it forms a substance 
having the peculiar flavour of bile. The picromel is not, 
however, in sufficient quantity to keep the whole dissoly- 
ed, so that the free soda must also exert its influence. 

Picromel has been analysed by Thomson, who states 
its composition to be, (An. of Ph. xiv.) 


carbon, 54.53 or 5 atoms 
oxigen, 43.65 3 do. 
hydrogen, 1.82 1 do. 


Such are the component parts of bile, as given by The- 
nard ; resin, yellow matter, picromel, and salts. Accord- 
ing to him, 800 parts were found to consist of 


water, 700 phosphate of soda, 2 
resin, 24 muriate do. 3.2 
picromel, 60.3 sulphate do. 0.8 
yellow matter, 4.5 phosphate of lime, 1.2 
soda, 4, oxid of iron, a trace 


Berzelius (Med. Chir. Tr. iii.) does not allow that 
the statement given by Thenard of the composition of 
bile is correct. According to him, the yellow matter, 
the resin, and picromel, precipitated by the different re- 
agents, are one and the same, to which he gives the name 
of bikary matter. Subsequent experimenters have, how- 
ever, proved the inaccuracy of the opinion of Berzelius, 
at least with respect to the non-existence of resin in bile, 
though it must be allowed, that by the process described 
by Thenard, it is doubtful if he succeeded in effecting a 
complete separation of the picromel and resin. 

The latest analysis of bile, is that by Tiedemann and 
Gmelin, (Sur la Digestion,) who confirm the results of 
the experiments of Thenard, but who, at the same time, 
have added to the list of its contents... According to 
them, besides the substances mentioned by the French 
_ chemist, it. contains several other ingredients.. Ox bile, 
_ they state, consists of a volatile odoriferous matter: given 
_ off by the application of heat, cholesterine, resin, aspara- 
gin, picromel, colouring matter, a substance containing 
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nitrogen soluble in water and in alcohol, a substance in- 
soluble in water, but soluble in warm alcohol, probably. 
gliadine, a matter supposed to be osmazome, a sub- 
stance having the odour of urine when heated, caseous: 
matter, and mucus. Besides these, there were found 
also carbonate of ammonia, margarate, oleate, acetate, bi- 
carbonate, phosphate, muriate, and sulphate of soda, and 
phosphate of lime, with soda in union with an acid which 
they call cholic, from its being peculiar to bile. The 
water amounted to 91.5 per cent. 

Human bile differs materially from that of the ox. It 
is-sometimes ofa greenish, at other times of a brownish 
colour.. It has a bitter taste, and, though limpid, usually 
contains a considerable quantity of yellow matter sus- 
pended in it. By evaporation it yields a residue amount- 
ing to about 1-11th of its weight, and which consists of 
the same ingredients as that from ox bile. The acids 
throw. down albumen and resin. Thenard could not, 
however, detect in it any picromel, but others. have suc- 
ceeded in obtaining it. The following is the analysis 
by Thenard in 1100 parts: : 


water, = 2 1000 
yellow matter floating in the 
bile, from 2 to 10, 10 
albumen, - 5 42 
resin, us “ 5 41 
soda,..- : : 56 
salts, - - “ AB: 
1100 


‘The ingredients found in human bile by Tiedemann 
and Gmelin, differ from those stated by Thenard..They — 
were picromel, resin, colouring matter, cholesterine, be- 
sides the salts, in which were found oleic acid. | 

Bile is considerably altered by disease. ‘Thenard re- 
marks, that that secreted by an enlarged liver contained ~ 
little resin, and.in the advanced state of the complaint, 
it had a great deal of albumen, and little of the peculiar 
matter.which gives it.its taste. _ SORT 
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Concretions are sometimes formed from the bile, dur- 
ing its retention in the gall bladder, in which they oc- 
casionally remain; in other instances, they pass from it 
into the ducts, and being retained there, give rise to 
jaundice. They are of two kinds. The most com- 
mon are white, and have a crystalline appearance, being 
formed of concentric layers, with in general a nucleus 
of inspissated bile. They are sometimes of the size of a 
pigeon’s egg, and only one isin general found at the same 
time in the bladder. The matter of which they are com- 
posed melts when heated, and resembles wax. It is so- 
luble also in alcohol, from which it is deposited when 
the temperature falls. From these properties, Fourcroy 
considered it as adipocire, but Chevreuil considers it a 
substance altogether different both from it and from 
Spermaceti, and one which is peculiar to bile. He has 
called it cholesterine, (An. de Ch. et de Ph. vi.) It is of 
course the same as that noticed by Tiedemann, as exist- 
ing in bile; indeed, Chevreuil himself asserts, that he has 
frequently detected it in it, (London Journal xviii.) 

Cholesterine (from yoax, bile, and cregcos, solid,) is pro- 
cured, by dissolving a calculus containing it in warm 
alcohol, and instantly filtering, by which it is deposited 
when the temperature falls. ' 

It has all the appearance of spermaceti, but is distin- 
guished from it by requiring a higher temperature for 
its fusion, and by not yielding soap with alkalies. With 
Nitric acid it forms a peculiar acid, called by Pelletier 
and Caventou cholesteric. 

Biliary calculi are occasionally found, consisting of 
inspissated bile, and of the peculiar matter above men- 
tioned, and in some they have been found to be almost 
entirely free from the latter. Gall stones are frequently 
met with in the ox, which are generally composed of the 
yellow colouring matter, with a minute quantity of in- 
spissated bile, and as the latter is easily removed, they 
are much used as a yellow pigment. 3 

Erythrogen. Another substance has been described 

u 2 
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under the name of erythrogen, as connected with bile. 
It was found by Bizio in the gall bladder of a person 
who died while afflicted with jaundice. It was of a 
greenish colour, having an unctuous feel. It was inso- 
luble in water, but soluble in warm alcohol. When put 
into nitric acid, oxigen gas was disengaged, and a red. 
coloured solution was formed, the gas, according to Bizio, 
being evolved from the acid. A similar solution was 
obtained when it was acted on by ammonia, but in this 
case hydrogen was set free, from which it appears that 
the erythrogen unites with nitrogen, to form the red so- 
lution. Hence the name from ¢gvéges, red. (London 
Journal xvi.) 

Ambergris. This substance, found floating on the ocean 
in tropical climates, was formerly considered the excre- 
ment of those whales from which spermaceti is procured, 
but other opinions have been lately advanced with re- 
spect to its origin. Buillon Lagrange discovered in it 
what he supposed to be adipocire, but which Pelletier 
and Caventou have shewn to be moré nearly allied to 
cholesterine, and hence they suppose that it is a biliary 
calculus, from a particular species of whale. To the pe- 
culiar matter existing in it, they have given the name of 
ambreine. Itmay be got by digesting ambergris in al- 
cohol, and evaporating the solution, by which it is ob- 
tained in crystals. 

It has a brilliant white colour, and is easily fused by 
heat. Is insoluble in water, but soluble in alcohol. 
When treated with nitric acid, it affords a peculiar acid, 
which Pelletier and Caventou call ambreic, (An. of Ph. 
XV.) Rigel | 
As bile contains free soda, it forms a soapy fluid when 
mixed with oil, and hence its use for taking out greasy 
spots, for scouring wool, and for cleaning the walls of 
oil painted rooms. Owing to this, it is also employed 
for mixing colours, and for depriving ivory of its unc- 
tuous matter when it is to be used by miniature painters. 
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Chyle is taken up by the lacteal vessels, and conveyed 
by them to the thoracic duct, and from this into the 
blood, before it passes through the heart. 

It is a white opake fluid, having a sweetish taste, and 
after standing for some time exposed to air, forming a 
coagulum soluble in sulphuric and muriatic acids, and in 
alkalies, but insoluble in alcohol and in ether. 

According to Vauquelin, (An. de Ch. Ixxxi.) the coa- 
gulum is intermediate to fibrin and albumen, while Mr 
Brande, from his experiments, (Ph. Tr. 1812,) concludes 
that it is similar to that obtained from milk. 

The fluid part, after the removal of the coagulum, co- 
agulates by heat, by the addition of acids and of alcohol, 
and hence albumen exists in it. Besides it, it contains a 
substance similar to sugar of milk, and the usual saline 
ingredients of animal fluids, phosphates and muriates of 
soda, and of lime. 

Dr Prout has submitted to examination the chyle of 
two dogs, one fed on animal, the other on vegetable food, 
and has found them to contain the following ingredients, 


(An. of Ph. xv.) 


Veg. food. An. food. 

fibrin, fe a i‘ 6 8 
incipient albumen, - 4.6 4.7 
albumen and colouring matter, .4 4.6 
sugar of milk, - a trace 

oily matter, aisle a trace a trace 
saline matter, - ay 8 7 
water, - - 93.6 89.2 


The incipient albwmen, mentioned in the table above, 
is, according to Prout, a substance which by some pro- 
cess is ultimately converted to albumen. It is detected. 
in chyle, by adding acetic acid to the fluid separated 
from the coagulum, and then heating it, by which a pre-: 
cipitate appears. - 


MILx. | 
Milk, the fluid destined for the nourishment of young 
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animals, is secreted from the vessels of the mamme, the 
organs attached for that purpose to the females of the 
mammiferous class. Cow’s milk has been generally the 
subject of investigation; the properties of it will there- 
fore be first described, after which those that differ 
from it, in so far as they have been examined, will be 
noticed. | 

Milk, like blood, when kept at rest, is spontaneously 
resolved into its component parts ; ; a thick whitish co- 
loured substance, the cream, rises to the surface, leaving 
the milk beneath it much thinner than before. 

Cream is an oily fluid, having an unctuous feel, and a 
sp. gr. less than that of water. : 

According to Berzelius, it consists of 


butter, 2s : - 4.5 
cheese, ~ - : 3.5 
whey containing sugar of milk, 92. 


and which are easily separated either by spontaneous 
changes, or by the action of re-agents. When, for in- 
stance, it is kept at rest, it becomes gradually thicker,, 
till at last it acquires the consistence of cheese ; and 
hence the method of making cream cheese, merely by 
putting cream. into.a linen bag, and leaving it there till 
it becomes solid. 

When cream is shaken, it is resolved into its compo- 
nent parts. The process by which this is accomplished 
is called churning, by which two substances are obtained, 
butter and butter milk. In the making of butter, cream 
is allowed to stand for some time, during which an acid 
is generated. It is then put into a churn and shaken, 
by which the butter 1s gradually separated. What is 
left, the butter milk, has a sour taste, but by no means 
so much so, as that of the cream before the churning, 
so that a part of the acid: seems to have disappeared, or 
been neutralized. Butter is sometimes also made from 
cream which has not become sour, but the process is, 
much more tedious, the acid formed in the other case fa- 
vouring its separation. 
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~~ During churning, the temperature is slightly elevat- 
ed, and there is in general an absorption of oxigen; 
hence the necessity of occasionally admitting air into the 
churn, otherwise the separation of the butter cannot be 
effected. 

Butter is merely an animal oil, but, as usually obtain- 
ed, isnot pure. It melts at about 96, and forms a trans- 
parent fluid, which, when kept in that state for some time, 
deposits the extraneous matter, and then becomes like 
other oils. The foreign ingredients may also be separat- 
ed by washing it with cold water, by which it is. pre- 
vented from becoming rancid, a property it acquires 
from the presence of these substances. 

The oil of butter, according to Chevreuil, (An. de Ch. 
et de Ph. xxii.) contains elain, and a peculiar principle 
which he calls butyrin, and which he describes as con- 
taining no less than’ three acids, butyric, caproic, and 
capric. 

Milk from which butter has been taken, undergoes 
spontaneous changes. It becomes much sourer, and 
congeals into a mass of the consistence of jelly. When 
heated, the formation of this coagulum is hastened, and 
by the addition of certain substances, it very soon oc- 
curs; thus, acids and spirit of wine curdle it, which is 
owing to the albumen it contains being acted on by them, 
in the same way as blood. or glair of eggs. By far the 
most powerful coagulator, howeyer, is the substance 
called rennet, which is the decoction of the coats of the 
stomach, generally of a calf, and of course containing 
gastric juice. When the milk is previously heated, and 
rennet added, it is almost instantly coagulated, and if, | 
after this, it is put into a bag, and subjected to pressure, 

a thin watery fluid escapes, and a tough white substance 
is left. The former of these is whey, the latter curd. ~ 

_ ‘To procure curd, skimmed milk, after being slightly. 

heated, should be coagulated by rennet, or by weak ace- 

tic acid, and having put the coagulum into a bag, it ought. 


to be washed till the water comes off tasteless. 
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Curd, as thus obtained, resembles in its properties coa- 


gulated albumen. By heat it gives off the usual pro- 
ducts, leaving, however, a very large proportion of phos- 


phate of lime. When exposed to air in its moist state, 
it very soon runs to putrefaction ; but when previously 
dried by a gentle heat, it may be preserved without 
undergoing any change. The acids dissolve it. _Sulphu- 
ric acid, for instance, gives with it the rich red solution 
peculiar to albumen. ‘The fixed alkalies also dissolve it, 
with the evolution of ammonia. 

Curd forms the principal part of cheese, the richness 
and flavour of which depend, however, in a great mea- 
sure, on the quantity of cream it contains; and hence the 


difference, according as it is procured from the entire, or - 


“from skimmed milk; and as the latter is generally used 
in this country, the cheese is by no means so rich as that 


made in England, where the former is usually employed 5 


indeed, in some-places a considerable quantity of cream 
is added to the milk. In making cheese, having obtain- 
ed the curd, and freed it of its whey, the remaining 
part of the process is merely to subject it to pressure, 
by which the whole of the whey is forced out, the colour 
being communicated by the addition of some substance, 
generally annotta, which is mixed with the milk. 
Though cheese may be considered as coagulated albu- 
men, containing, however, some of the other ingredients 


of milk, according to Proust two peculiar substances ex-' 
ist in it, both of which are produced by the changes the. 


curd has undergone. One of these he has called caseic: 


acid, the other caseic oxid, the former being, he conceives, | 
in union with ammonia, and giving to cheese its peculiar - 


flavour, (Quarterly Journal, vii.) 


Caseic.Acid may be procured by keeping curd for © 
some days in successive portions of water, by which phos- — 


phoric, acetic, and caseic acids are formed, and neutral- 


ized by ammonia, also generated at the same time. By 
evaporating the fluid, treating the saline residue with » 


cold alcohol, and boiling the solution with carbonate of | 
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lead, the oxid unites with the acids, causing the deposi- 
tion of the phosphate, while the caseate and acetate re- 
main dissolved. By the transmission of sulphuretted 
hydrogen gas through the solution, the metal is precipi- 
tated, leaving the acids, which may be separated by dis- 
tillation, the acetic acid coming over. 

Caseic acid, left in the retort in the process described, 
resembles syrup in its appearance, but becomes almost 
solid when kept for some time. Nitric acid converts it 
to oxalic, but there are also formed a little benzoic acid, 
and yellow bitter principle. It unites with bases, and 
forms salts, the most important of which is caseate of 
ammonia, being, as Proust asserts, the substance that 
gives to cheese its peculiar flavour. When pure, its taste 
is saline, but mixed with that of cheese. 

Caseic oxid is obtained from the saline matter left by 
the alcohol in the process for procuring the acid. For 
this purpose, it is washed with successive portions of cold 
water, till it loses the taste of cheese, and then boiled, 
and the solution filtered and evaporated, during which 
the oxid is separated in thin films on the surface. These, 
when washed and dried, are tasteless, and insoluble in 
cold water, but are dissolved when the temperature is 
raised to 140. It is sparingly soluble in warm alcohol, 
being again deposited when it cools. It is insoluble in 
ether. 

Caseic oxid is frequently found in cheese, in its sepa- 
‘rate state, in the form of small white specks. Along 
with caseate of ammonia, it constitutes from 30 to 35 per 
cent. of cheese. 

- The remaining constituent of milk is whey, which, when 
procured from the coagulum by repeated filtration, is a 
transparent fluid, having a pale yellowish colour, and a 
pleasant sweet taste. 

Along with other ingredients, it contains a minute 
quantity of curd, which may be separated by allowing 
it to stand in a warm room for some time, or by boiling 
it, and filtering after it has become cold. It is then co- 
lourless, has lost its peculiar flavour, but still retains its 
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sweetness. When evaporated, minute crystals of a sweet 
substance called sugar of milk are deposited, and which, 
in its properties, resembles the saccharine matter of vege- 
tables. ‘To obtain it pure, the whey should be evapo- 
rated to the consistence of honey, and, when cold, dis- 
solved in water, filtered, and again evaporated. 

Sugar of milk is soluble in water, but insoluble in 
alcohol. When exposed to heat, it yields the usual pro- 
ducts of vegetable matter ; indeed, in its composition Ber- 
zelius and Prout have found it to contain the same in- 
gredients as common sugar. It does not, according to 
Bucholz, undergo vinous fermentation. 

Though sugar of milk resembles common sugar in 
many of its properties, it differs from it in its action with 
nitric acid, the latter yielding oxalic and malic acids, 
the former a peculiar one called saccholactic. ‘To procure 
it, diluted nitric acid is poured on it, and the action pro- 
moted by the application of a slight heat, by which nitric 
oxid is disengaged, and a yellowish solution is formed, 
which, when diluted with water, yields a white sediment 
of saccholactic acid. 

Saccholactic acid has.a sour taste, and reddens blues. 
It is decomposed by heat, giving off the usual products. It 
unites with bases, and forms compounds,. the properties 
of which have not been particularly examined. 

Saccholactic acid may also be obtained by the action 
of nitric acid on gum; and hence the name mucous 
acid, given it by Fourcroy. 

Another acid has been described as existing in milk, 
or rather formed during the change that it. undergoes 
spontaneously. It is called lactic acid, and, according to 
Berzelius, 1s a component part of almost every animal 
substance. This acid is now, however, allowed, even by 
Berzelius himself, to be merely acetic acid disguised. 

Such are the component parts of milk,—the oily mat- 
ter, or butter, the caseous part, or curd, the serum, or © 
whey, with the sugar and saline ingredients. | 

Milk taken from different animals has the same gene- 
ral properties, but varies in the proportions of the ingre- 
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dients. Woman’s milk has a sweeter taste, contains more 
cream, and has very little caseous matter. Ass’s milk 
has less cream and curd, but more of the saccharine 
principle. Mare’s milk does not afford butter by agita- 
tion, but coagulates by the usual re-agents. That from 
goats and ewes resembles cow’s milk. 

The important uses of milk, as an article of food, are 
well known. Mare’s milk is, by some of the Tartar 
tribes, made to undergo fermentation, and yield a spiri- 
tuous fluid, which, however, is extremely weak, 8 pints 
affording only about 4 ounces of alcohol. 


Trans, Mucous Frurp oF tur Nosr, Humours oF THE 
Eyr, Frurp rrom Srrous Memeranes, Liquor Am- 
NII, SyNovra, Sweat. 


Tears, and the mucous fluid from the membrane of the 
nosé, are nearly of the same composition. They are 
transparent and colourless, have a saline taste, and change 
blues to green, owing to the presence of free soda. When 
evaporated, they leave saline and animal matter, the for- 
mer consisting of phosphates of soda and of lime, and 
muriate of soda. When exposed to air, they become 
thick. By the application of heat, a coagulum is form- 
ed, and on the addition of sub-acetate of lead, a flaky 
matter is deposited, so that they contain the usual salts, 
with albumen and mucus, the last of which is supposed 
to be the cause of the change they undergo when long 
exposed to air. 

The humours of the eye, with the addition of gelatin, 
contain the same ingredients as the preceding fluids, 
only. differing in their proportions. In the vitreous and 
agueous, the quantity of water is great. compared to. the 
other matter, amounting to upwards of 98 per cent.; but 
in the crystalline lens there is only about 60 per cent., so 
that there is a considerable proportion of albumen, and 
hence, by boiling, it forms a white coagulum, which, 
according to Berzelius, resembles, excepting in its colour, 
the colouring matter of the blood. 
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The fluid from serous membranes is also of similar 
composition. That of the pericardium was found by Bos- 
tock to consist of water, albumen, mucus, and muriate 
of soda, the first forming 92 per cent. — 

The liquor amnii was at one time supposed to contain, 
in addition to these, a peculiar acid, described by Vau- 
quelin and Buniva, under the name of amniotic acid ; 
but Prout and others have not succeeded in procuring it 
from the same fluid. Prout, however, states, (An. of 
Ph. v.) that he found in it sugar of milk, in very small 
quantity, not exceeding, even when mixed with the sa- 
line ingredients, 3.8 in the 1000. 

The synovial fluid, found in the cavities of joints, dif- 
fers from the preceding, in containing a larger quantity 
of animal matter. It is viscid, but when kept for some 
time, becomes gelatinous, and deposits a fibrous substance, 
after which it regains its fluidity. Alcohol precipitates 
albumen, and_ the acids a substance similar to gluten. 
According to Marqueson, (An. de. Ch. xiv.) it contains 
about 80 per cent. of water, 17 of animal matter, and 3 
of salts. 

Sweat contains the usual salts, with a minute quantity 
of acid, supposed by Berzelius to be lactic, (acetic.) 


Pus. 


Pus, or purulent matter, varies in its appearance, ac-: 
cording to the sore from which it is secreted. That from 
a foul ulcer is thin and pale-coloured, whereas that from 
a healing one is of a yellowish colour, and thickish con- 
sistence; its specific gravity being about 1030. It does’ 
not affect vegetable blues, but very soon becomes acid 
by exposure to air. When examined by a microscope, 
it appears to be composed of minute globules floating in 
a thin fluid. It is not dissolved by water; for, when 
shaken together, it falls to the bottom. Concentrated 
acids dissolve it. The fixed alkalies form with it a thick- 
ish fluid; but ammonia makes it transparent, and gra-- 
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- dually dissolyes a part of it. Alcohol causes it to be- 
come thick, but does not dissolve it. 

With the view of distinguishing pus from mucus, Mr 
Darwin has proposed different tests, but we cannot place 
much reliance on them. Perhaps that recommended by 
Grassmeyer, (Thomson’s System, vol. iv.) is more to be 

depended on. It consists in triturating the fluid with its 
own weight of boiling water, and then adding an equal 
quantity of a strong solution of carbonate of potass. In 
the course of a few hours, a transparent jelly will subside 
to the bottom if it contain pus, but which does not ap- 
pear if mucus only is present. 


URINE. 


Urine, the principal excrementitious fluid, has long 
engaged the attention of chemists and physicians, not 
only from the changes it undergoes, and hence giving rise 
_ to some of the most afflicting maladies to which we are 
subject, but also on account of its complicated nature, 
and the peculiar substances procured from it. The at- 
tention of philosophers was first called to it, from its hav- 
ing been found to yield phosphorus, the properties of 
which, at the time it was discovered, were considered so 
remarkable. For its chemical history, we are indebted 
to Boyle, Haller, Margraaff, Pott, Rouelle, Proust, and 
Klaproth; Scheele also, Cruickshank, Fourcroy, and Vau- 
quelin, have added greatly to our knowledge concerning 
it; and more lately, Berzelius and Dr Prout have point- 
ed out new facts respecting its composition, and. the 
changes it undergoes. 

Urine, even from healthy people, varies in its appear- 
ance at different times. It is in general of a pale amber 
- colour, and when recently discharged, is transparent, but 
it frequently becomes muddy when kept. . Its sp. gr. is 
from 1005 to 1033 ; perhaps about 1030 may be consider- 
_ ed the average. The colour, odour, and specific gravity, 

vary, however, according to the quantity of drink, and 
the time the urine has remained in the bladder. When 
substances are swallowed, which cause it to be secreted 
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quickly, as by the use of spirituous liquors, it passes off 
almost colourless, and with very little odour; whereas, 
when retained in the bladder, it becomes darker, and the 
smell stronger. Particular substances swallowed, or the 
vapour of them inhaled by the lungs, also impart to it 
their peculiar odour. 

Urine, when recently passed, changes blues to vail 
which has been successively ascribed to the presence of 
free phosphoric, acetic, and benzoic acid. It is now gene- 
rally supposed to be owing to a super-phosphate. 

Urine, as it cools, gradually deposits minute crystals 
of a reddish colour, shewn by Scheele to contain a pecu- 
liar acid, to which he gave the name of uric. The de- 
posit varies in different individuals, and even in the same 
at different times. After the use of acidulous food or 
drink, and in those labouring under certain diseases, it 
is considerably increased, forming in the latter case the 
lateritious sediment, which has been lately analysed by Dr | 
Prout, and found to consist of phosphates of lime, and of 
magnesia, soda in union with the acid called uric, and 
with a minute quantity of that termed purpuric, which 
is the cause of the red colour, the intensity varying ac-— 
cording to the quantity of purpurate. A small propor- 
tion of nitric acid, according to him, also exists in it. 
(Prout on Calculous Diseases.) 

When urine is kept for some time, it undergoes spon- 
taneous changes, and a fetid ammoniacal odour is exhal- 
ed. The decomposition is occasioned. by the elements of 
the peculiar principle, which gives it its particular pro- 
perties, entering into a new state of combination, and ge- 
nerating ammonia, which causes the deposition of some 
of the saline matter. 

Similar{ changes are effected by distillation. A watery 
fluid containing ammonia, formed by the decomposition ; 
of the principle alluded to, comes over, the urine then — 
becomes muddy, from the deposition of flocculent matter, - 
principally albumen; and if the evaporation be continued, 
it acquires a thickish consistence, and a crystalline mass 
is obtained on cooling. The part remaining fluid, con- 
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tains the peculiar principle which communicates to urine 
its particular properties, and which is called wree or urea. 
The crystalline matter is of a very complicated nature. 
When subjected to a strong heat, it affords carbonate 
and hydro-cyanate of ammonia, with a fetid oil, and 
when the temperature becomes high towards the end of 
the process, a minute quantity of phosphorus is dis- 
tilled over, owing tc the decomposition of phosphoric 
acid, by the carbon set free from the decomposed animal 
matter. ‘The residue of the incineration consists of a 
variety of saline ingredients, which have, however, been 
differently stated by authors. They are chiefly muri- 
ates of soda, potass, and ammonia, phosphates of soda, 
ammonia, lime, and magnesia, and phosphate of magne- 
sia and ammonia, but these, it must be remarked, do not 
all exist in urine. Those containing ammonia have been 
formed during the evaporation and incineration by this 
alkali, generated by the decomposition of the uree, unit. 
ing with the superabundant acid of those which are in 
the state of super-salts. We find accordingly, that re- 
agents indicate substances in solution, different from 
those produced by evaporation, and it is by the use of 
these that we are enabled to detect the ingredients ex~ 
isting in it. 

The acids cause little change on urine. On the addi- 
tion of muriatic, there is sometimes the deposition of a 
precipitate, which is benzoic acid. When the urine is 
evaporated, the deposit is in greater quantity. Accord- 
ing to Scheele, this acid exists in all urine, but Berzelius 
states, that he could not detect it in that of children. In 
that of herbivorous animals, it exists in considerable 
quantity. 

Oxalic acid throws down lime, which exists in the 
state of super-phosphate. Hence, on the addition of po- 
tassa, phosphate of lime is deposited, the excess of acid 
being saturated by the alkali. If, on the contrary, lime 
water be added, the precipitate is in much greater quan- 
tity, because the whole of the phosphoric acid is thrown 
down in the state of phosphate. Along with the phos- 
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phate of lime, there is also a little phosphate of magne- 
sia, and, according to Berzelius, lime also in combination 
with fluoric acid, for, on the addition of sulphuric acid to 
the deposit, a vapour is given off, which corrodes glass, 
(An. de Chim. 1xi.) 

When muriate of baryta is added to urine, after the — 
addition of a little nitric acid, to prevent the deposition 
of the phosphates, sulphate of baryta falls, so that sed- 
phuric acid also exists in it, and, according to Berze- 
lius, it is in union with potassa and soda. If, after the 
precipitate is removed by filtration, the fluid, with the 
excess of nitric acid and of baryta, is evaporated, more 
sulphate is deposited, from which it has been inferred, 
that sulphur exists in it, and has by the nitric acid been 
converted to sulphuric acid. This opinion seems to be 
strengthened by the fact, that Proust and Vogel foun 
that silver exposed to urine became blackened. . . 

Nitrate of silver, after the addition of nitric acid, 
causes a copious precipitation of chlorid, equivalent to 
muriatic acid. ’ | 

Urine, according to Proust, contains carbonic acid, 
which was at one time supposed to be formed by the de- 
composition of the urea; but Brande and others have 
shewn, that if, when recently discharged, it be kept un- 
der an exhausted receiver, bubbles of gas come off, that 
render lime water turbid. Though carbonic acid ‘has 
been detected in urine, there is no doubt, that the greater 
part of that found in deposits from it, is formed by 
the decomposition of the peculiar principle, and conse. 
quent production of carbonate of ammonia, which, acting 
on the salts of lime, gives rise to the generation of car- 
bonate of lime. é ee | 

Acetic acid, it is mentioned also by Proust, exists in 
urine, but later chemists do not allow the accuracy of 
his conclusion, supposing either that it was formed dur- 
the process followed in detecting it, or that the acid ob- 
tained was not acetic, but lactic acid. With respect to 
this peculiar acid, mentioned by Berzelius as an ingre- 
dient in almost every animal substance, it has been al- 
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ready stated, that. Berzelius himself allows, that it 
is merely the acetic ‘disguised by the presence of some 
other matter, so that we are to consider the statement of 
‘Proust as correct, that urine doés contain acetic acid. 

Silica, according to Berzelius, is'also an ingredient of 
urine, and may be detected by evaporating it, dissolv- 
ing the extract in alcohol, and afterwards in diluted mu- 
riatic acid, by which a powder is left, which; when fused 
with soda, forms glass. 

In addition to the-saline ingredients already mention- 
ed, there is a considerable quantity of animal matter. 
Infusion of nut-galls throws down a precipitate generally 
allowed to be gelatin; and that albumen is present, is 
shewn by the fluid becoming muddy when heated;; in- 
deed, in some cases there is a sufficient quantity to cause 
coagulation, as in the urine of those afflicted with drop- 
sical diseases, and also of those subject to dyspepsia. 
Urine also contains mucus, the quantity of which varies 
according to the time it has remained in the bladder. It 
may often be separated by filtration, but even after 
this, it is sometimes also deposited as the temperature 
falls ; indeed, the lateritious sediment frequently contains 
a considerable quantity” of it, for on treating it with 
acetic acid, mucus is dissolved. Besides the ingredients 
mentioned, urine contains also two principles peculiar to 
it, uree and uric acid. 
© It is difficult, when so many substances exist together in 
a fluid, to find out their state of combination; according- 
ly, very different accounts have been given of the saline 
ingredients of urine. During the evaporation of a fluid 
containing salts, new affinities are brought into play, and 
compounds altogether different from those existing in it 
are procured. But another difficulty presents itself, 
with respect to urine. The uree, during the evapora- 
tion, generates ammonia, and thus causes the decomposi- 
tion of some of the compounds, and the formation of 
others: Hence, instead of free uric and benzoic acids, 
urate and benzoate of ammonia are obtained ;° and in 
place of the super-phosphates, neutral phosphates, and 
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ammoniaco-phosphates are deposited. It is evident from 
this; that the substances procured must vary materially, 
‘according to the mode of analysis. ona 
The latest analysis is by Berzelius. According to 
him, 1000 parts contain ‘neg 


water, - = - 933.00, -> > 
urea, - y bats “ 30.10 9: 
uric acid, bet tod y~ i 1.00 : 
phosphate of ammonia, = 1.05 
muriateof § do = 1.5 
sulphate of potassa, - 3.71 
sulphate of soda, ~ | 3.16 — 
phosphate of soda, ~ 2.94 
muriate of soda, m - 4,45 ) 
earthy phosphates, with ¢ ogee 
. fluate of lime, i " 
lactic (acetic) acid, } ice 
lactate (acetate) of ammonia, | J 
animal matter soluble in al- i 
cohol, t | 1113. f 
uree not separable from the 4 
preceding, 
mucus of the bladder, ~ « . 0.82 
silica, es ee - 0.03 . 


(Med. Chir. Tr. iii.) | ) 
The urine of inferior animals differs. considerably 
from that described. In all it contains urea, but in the 
herbivorous class, there does not seem to be any uric — 
acid; instead of which, there is a considerable quantity 
of benzoic. ‘That of the horse is of a white colour, | 
and has a peculiar odour. When exposed-to air, it acy 
quires a crust of carbonate of lime on its surface, and ul. 
timately becomes milky, from the deposition of carbo: 
nate. Urine of the cow and camel is nearly of the 
same composition. Urine of the lion and tiger is des+ 
titute of uric acid. That of birds, particularly those 
that live on flesh or fish, contain it. That of amphi- 
bious animals is in general solid, and consists almost ens 
tirely of uric acid... According to Davy, that of lizards, 
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which is of a butyraceous consistence when discharg- 
ed, but soon becomes hard, is of the same.composition 3 
and Prout found, that that of the boa’ constrictor con- 
tained about 90 per cent. of it, (An. of Ph. vy.) . 

The two substances peculiar to urine, are urea and 

uric acid. 
- Urea was discovered by Rouelle in 1773, and it was 
afterwards examined by Fourcroy and Vauquelin, and 
also by Cruickshanks. Dr Prout has more lately made 
it the subject of investigation, and pointed out several 
new facts concerning it, (Prout on Gravel, &c.) 

The method recommended by Cruickshanks for pro- 
curing it, consists in evaporating urine to about a fourth, 
and adding nitrous acid, by which shining scales are 
deposited. The process of the French chemists is how- 
ever preferable, because it affords it purer. The urine 
is evaporated to the consistence of honey, and after it is 
cold, four times its weight of alcohol is poured on it, and 
a slight heat applied, by which the urea is dissolved; 
and may be procured by filtration and evaporation in 
shining scales. ‘These are at first of a yellowish colour, 
but by repeated solution and evaporation may be ob. 
tained colourless, but the process by which this is ef- 
fected is tedious. That followed by Prout, consisted 
in evaporating urine to the consistence of syrup, and 
adding nitric acid, till a crystallized mass was formed, 
which was washed with a little cold water. Sub-carbo- 
nate of soda was then added, to saturate the acid; and 
the fluid, after the crystallization of the nitrate, and filtra~ 
tion through animal charcoal, was evaporated to dryness. 
The residue, when treated with alcohol, gave a solution, 
which, on evaporation, yielded urea pure. 

- Urea, as thus procured, has a fetid odour, a disagree- 

able acrid taste, and is very tough. When exposed to 

air, it speedily attracts moisture, and becomes fluid. te 

does not affect vegetable colours. | 

©It is decomposed by the application of a slight est: 

that of boiling water being sufficient, by which carbo-: 
x 2 
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nate of ammonia®is given off; and hence an ‘excellent 
test of its presence, as no other animal pe is de- 
composed at so low a temperature. i Dts 
When subjected to a strong. heat in chee vaithaistbe the 
usual products are given off, along with an. extremely 
fetid oil, and benzoic acid. It is also easily decomposed 
‘when. Vented with peroxid of copper, by which its compo- 
nent parts have been ascertained. bacco to gh 
; ee are,! | | O8is 
BIOs carbon, © 19.99 1 atom ou 
oxigen, 26.66 1 do. 
hydrogen, 6.66 2 do. I 
' nitrogen, 46.66 1. do. i119 
deficiency, 0.03 | bs oie 
Urea is very soluble in water. The solution, suppos- 
ing that procured by the action of alcohol to be used, is 
brown, but becomes lighter by dilution, when it acquires 
the colour of urine. When kept for some time, it. uns 
dergoes spontaneous changes. It acquires an acid taste; 
owing to the generation of acetic acid, and carbonic acids 
in the form of gas, is disengaged. By subjecting it to 
heat with sulphuric acid after this, acetic and benzoi¢ 
acids are given off, and sulphate of ammonia is left ur 
the vessel.’ When the recently prepared. solution of 
urea is boiled, it also undergoes decomposition, and car- 
bonate of ammonia is formed ;. a little acetic acid is also; 
gos off, and.carbon is left. © © ¥ # aula 
When chlorine gas is passed through hb: aoa 
flakes, at first white, but afterwards becoming brown, are 
formed. When the fluid is saturated, carbonic acid: 
and nitrogen are evolved, and nitrate, muriate, and car=" 
bonate of ammonia are found in it. he 
- The acids have a peculiar action on urea. When ni- 
tric acid is added to its watery solution, white brilliant; 
scales are deposited, the same as those produced by add= 
ing it to concentrated urine, as in the process recom: 
mended by Cruickshanks for preparing it. |. These 
scales, according to Prout, are urea in union with nitric? 
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acid, but the latter is not neutralized, hey are in the 
proportion of é ; 7 
acid, A737 1 mk 
“ urea," 52.63 2 atoms 
When the acid is added to urea itself, nitric oxid, nitros 
gen, and carbonic acid are evolved, and a whitish matter 
with a dark red coloured liquid are left, the former of 
which, when heated, deflagrates like nitrate of ammonia, 
When the solution of urea is mixed with a fourth part 
of sulphuric acid, and subjected to distillation, an oily 
fluid is formed along with a yellow coloured liquid, in 
which there is acetic and benzoic acids. The residue 
contains sulphate of ammonia. 
- Muriatic acid dissolves urea without effervescence. 4 
: It is dissolved by potassa, soda, and the alkaline earths, 
but with the disengagement of ammonia, owing to its 
being decomposed, and the ingredients entering into a 
new state of combination. When urea and solid potassa 
are mixed, the temperature rises, a large quantity of 
ammonia is evolved, and an oily fluid is formed. If 
heat be applied to the residue, ammonia, and carbonate 
of ammonia, are evolved, along with acetic and benzoic 
acids. The residue, on the addition of an acid, gives off 
carbonic acid gas. 
_. Urea possesses the remarkable, property of Aart 
the form of the crystals of some neutral salts; muriate 
of soda, when dissolved in its watery solution, crystal- 
lizing in octohedrons instead of cubes, and muriate of 
“ammonia in cubes instead of octohedrons ; and hence the 
cause of those obtained from urine, being of a form dif- 
ferent from what they generally are, the urea in it acting 
in the same way as when they are dissolved 1 in its watery 
eaten: : 
Urea decomposes some of the metallic salts, as nitrates 
of mereury and silver, and also acetate of lead. «|... - 5 
“It is soluble in alcohol, even though cold,’ requiring 
ar about 5 parts to dissolve it; but at’ a nang, heat, 
it does not require more than halfits weight.) 9. »>/! 
The facility with which urea is decomposed, is proba. 
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bly the cause of the changts urine: so: frequently under- 
goes in the body, giving rise to the formation of caleu- 
lous substances, (Se Calculi.) bi 

Uric acid was discovered by Scheele, during his inves- 
tigation into the nature of urinary calculi. It was after- 
wards examined by Bergman and by Morveau, the latter 
of whom called it bezoardic acid, a name changed by 
the French’ chemists’ to lithic, (ao, a stone,) as being 
an ingredient of calculi.’ It has more lately been termed 
uric, by which it is now generally designated. It has 
been examined also by Dr Henry, (Manchester Mem. ii. 
N. S.)‘and by Dr Prout, (on Calculous Diseases.) |” 

It may be obtained from. urine, but the process recom- 
mended by Henry is by far the best. It consists in dis- 
solving in aqua potassex a calculus consisting of it, and 
throwing it down by muriatic acid, added in excess, by 
which a precipitate falls, and which, after being washed ~ 
with cold water, must be dried by a heat not exceeding 
212, The same process followed with the urine of the 
boa constrictor, and which, it has been already mention- 
ed, contains upwards of 90 per cent. of it, will also afford 
it pure. O81 | > oth att ik YO 

Uric acid, when pure, is a white tasteless powder, so+ 
luble, according to Henry, in 1720 of cold, and in 1150 
of boiling water, the warm solution, on cooling; yielding 
minute crystals. Prout, however, states ‘the solubility 
to be much less; according to him, it requires not less 
than 10,000 of water. It reddens litmus, and when add- 
éd to alkaline fluids, deprives them of their power of © 
affecting vegetable colours. i hecieide Yt to ona 
> It is easily decomposed by heat, yielding water holding 
carbonate of ammonia and hydro-cyanic acid in solution, 
along with carburetted hydrogen, and carbonic acid; 
but, at the same time, a yellow substance is condensed in 
crystalline plates‘on the cool part of the apparatus, — 
which, as it is possessed of acid properties, has been call- 
ed pyrouric acid. \ Uric acid is also decomposed: when 
heated with per-oxid of copper; by which the propor- 


tions of ‘its ingredients have been ascertained. AesaRor! 
ing to Prout, its component parts are, . 9ert 


carbon, « 84.286, 2 atoms, 

oxigen, “ 22.857, 1. do. , 
hydrogen, - 2857, | 1 do. ve 
nitrogen, -' 40. Vpntied fT | 


Viewing the above as its composition, the formation of 
the products of the destructive distillation is easily ex- 
plained, more particularly with respect to the hydro-cy- 
anic acid; for it will be perceived, that by the removal 
of the oxigen, the remaining ingredients are in propor- 
tions to form it, the carbon and nitrogen constituting 
cyanogen, which, with the hydrogen, will give out hydro- 
cyanic acid. yaw 

Uric acid is decomposed by the stronger acids.. The 
action with nitric is peculiar, and quite characteristic, 
When the acid, diluted with about an equal quantity 
_of water, is poured on it, a solution is formed, which 
stains the skin red, and which, when boiled, gives off 
carbonic acid and nitrogen, and a little hydro-cyanic 
acid, leaving minute crystals of nitrate of ammonia, 
When it is used concentrated, the powder is also dissolv- 
ed, and the solution, on evaporation to dryness, leaves a 
beautiful red stain on the glass, and which must be con- 
sidered a test of the presence of uric acid. 

- If, instead of evaporating the solution, ammonia be 
added, crystals of a reddish colour are deposited, 
which, according to Prout, contain the alkali in. union 
with a peculiar acid, generated by the decomposition, of 
the uric, and to which he has given the name of purpuric 
late: | i 

Uric acid combines with the salifiable bases, and forms 
compounds called urates, which may be, procured, by 
digesting the base with the acid, taking care to have an 
excess of the latter. ‘The wrates are tasteless, and do 
not undergo any change by exposure to. air. They are 
sparingly soluble, the urate of ammonia, which is most 
easily taken up, requiring about 200 of water to dissolve 
it. They are decomposed by acids, which unite with the 
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base,’ and precipitate the uric acid putes andi ene, she: 
method of obtaining it. © - vf ota 

Pyro-uric acid. The yellow crystalline anbieaneins pro- 
cured by the destructive distillation of uric acid, was 
mistaken by Scheele, who first noticed it, for succinic ; 
but Dr Henry afterwards inferred, from his: experi- 
ments, that it was a peculiar acid, formed by the ele- 
ments of the other having entered into a new state of 
combination, but in union with ammonia, also:produced 
during the decomposition ;.an opinion confirmed by. 
Chevalier and Lassaigne, (An. of Ph. xvi.) who have. 
succeeded in procuring it in its uncombined. state. 
For this purpose, the sublimate, after being dissolved in 
water, is mixed with acetate of lead, by which the acid 
and oxid are precipitated in combination, and, having 
washed the precipitate, the latter may be removed by the 
transmission of sulphuretted hydrogen through water; 
holding the powder in‘suspension. The fluid, after filtra- 
tion, yields, when evaporated, minute crystals of the acid. 

Pyro-uric acid is soluble. in cold water, and when in 
solution reddens vegetable blues. It is also taken up by 
warm alcohol, but is deposited when the fluid cools. It 
is decomposed by heat, and gives off the usual products 
of animal matter. It is soluble in nitric acid, and may 
be obtained, by evaporation, unchanged in its properties ; 
a sufficient proof that it is quite different from uric, 
which, when its solution is evaporated, leaves a red stain 
on the glass. It unites with the alkalies and earths, and 
forms compounds which are in general soluble; and the 
solutions, when mixed with those of metallic salts, afford 
precipitates of different colours, according to the metal 
employed. Its composition, according to the chemists 


mentioned, is, Sates 
carbon, 28.29 _ 12 atoms. 
oxigen, 44.82 14. do. 
hydrogen, 10. 25 do. . 
nitrogen, © 16.84 8 do, 
99.45 


Deficiency, 58 
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« Purpuric acid may be obtained by the addition of am- 
monia to the nitric acid solution of uric acid, and evapo- 
rating, by which red crystals of purpurate of ammonia 
are formed. These are next to be dissolved in a weak 
solution of potassa, and the fluid, after being boiled till 
its colour disappears, poured into diluted sulphuric acid, 
by which the alkalies are neutralized, and the purpuric 
acid precipitated. It is thus obtained in the form of a 
cream-coloured powder, destitute of taste and smell, and 
very sparingly soluble in cold water, the solution having 
no effect on vegetable blues. It is insoluble also in alco- 
hol, ether, and diluted acids, but the strong ones dissolve 
it with decomposition. It unites with bases, and forms 
compounds, all of which are of a fine red colour, and 
hence the name of the acid. Its attraction for alkalies is 
so strong, that it decomposes their carbonates with effer- 
vescence, and forms purpurates. The purpurate of am- 
monia is most easily obtained by the solution of uric in 
nitric acid, and saturating the excess of the latter by am- 
monia. It is this which, according to Prout, is the 
cause of the colour of the lateritious sediment, (p. 318.) 
which, in some cases, has been seen as red as the pur- 
purate produced by the evaporation of the nitric acid so- 
lution of uric acid *. 

- Prout has given the following as the composition of 
purpuric acid, (Ph. Tr. 1818.) 


Probably 


carbon, Dia 2 atoms 
oxigen, 36.36 2. do. 
hydrogen, 4.54 2 do. 
nitrogen, 31.81 1 are Coy 


Erythric and oxigenated uric acids. Other acids have 
been described as being procured from uric acid. Ac- 
cording to Brugnatelli, (Ph. Mag. lii.) when it is dis. 
solved in diluted nitric acid, and the solution cautiously 


~** There can be no doubt that rosacic acid, a name given by Scheele to 
an acid which he supposed to exist in lateritious sediment, is merely pur- 
purate of an alkali. 
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evaporated, and set aside in a cold room, minute crystals 
are deposited, containing, as he supposes, a peculiar acidj 
to which he has applied the name of erythric, (sgudgeiveiv, 
to redden.) Prout does not, however, allow the existence 
of this acid. He asserts that the crystals are either su- 
per-nitrate and super-purpurate of ammonia, or probably 
nitric and purpuric acids mixed. Accordingly, on the 
addition of ammonia, a purple solution is obtained, (An: 
of Ph. xiv.) Vauquelin, and more lately Lassaigne, on 
the other hand, admit so far the accuracy of the states 
ment of Brugnatelli. The latter has found, that by the 
action of nitric on uric acid, a white and a red-coloured 
substance are formed, but which are considered to be es- 
sentially the same, the latter being disguised by the pre- 
sence of colouring matter; and he is inclined to think, 
therefore, that the uric acid, used by Prout, and by 
which he obtained purple compounds, was not pure. 
When uric acid, free from impurities, is treated with 
nitric acid, as recommended by Brugnatelli, it yields a 
white matter, to which Vauquelin has given the name of 
oxigenated uric acid, (An. ‘de Ch. et de Ph. xxii.) 
Urinary calculi. There is no fluid in the body more 
prone than urine to undergo changes from disease. It 
is supposed, by Berzelius, that the office of the kidneys 
is to acidify some of the substances carried to them by 
the blood, and hence the origin of the sulphuric, phos- 
phoric, and uric acids in urine; but when this tendency 
proceeds too far, other changes are induced. There is 
the formation of nitric and oxalic acids, the former of 
which, acting on the uric, may convert it to purpuric, 
andthe latter uniting with the lime, give rise to the 
formation of oxalate of lime; and hence the cause of 
the red colour of the lateritious sediment, and the pro- 
duction of calculi composed of oxalate of lime and. of 
uric acid, the latter being always found to accompany a 
tendency in the system to the formation of acid--- On-the 
other hand, instead of the proper acidifying power, there 
is a ee to the formation of alkali, by which the ex- 
cess of acid of the super-salts is saturated, and hence the 
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deposition of the phosphate of lime, and of the ammo- 


niaco-magnesian phosphate.” . 


The changes which the urine thus undergoes, gives 
rise to one of the most afflicting maladies to which we 
are subject, the formation of stone in the bladder. 

The calculi found in the human urinary bladder, are 
very various in their composition. They have occupied 
the attention of chemists and physicians since the earliest 
times, and numerous opinions have been thrown out con- 
cerning their nature, all of which, however, were vague 
and unsatisfactory, till Scheele undertook the investiga- 
tion of them. He pointed out that they consist chiefly 
of uric acid, which was soon afterwards confirmed by 
Bergman. Since then they have been successively exa- 
mined by Pearson, Fourcroy, Vauguelin, and Brande; 
but by far the best accounts of them yet published, are 
by Wollaston and Marcet, that of the former in the Phil. 
Trans. for 1797, the latter in his Treatise on Calculous 
Diseases. Dr Prout (Enquiry into the Nature of Gravel) 
has also added greatly to our knowledge of them. 

These different chemists have shewn, that the sub- 
stances existing in them are numerous, but by no means 
so much so as those in urine. They are uric acid, phos- 
phate of lime, phosphate of magnesia and ammonia, oxa- 
late of lime, and animal matter, which acts as a means of 
keeping the others together. Besides these, however, 
others have been mentioned, such as silica, albumen, and 
carbonate of lime. Dr Wollaston has also described a 
peculiar substance, which he has called cystic oxid, and 
Marcet another, to which he has given the name of xan- 
thic oxid, (%z»40;, yellow.) Wollaston has divided them 
into five classes. 
~ 1. Uric acid calculus. 

_ 2. Phosphate of lime, or bone earth calculus. 

. 8. Phosphate of magnesia and ammonia, or triple cal- 
culus: >} , 

~, 4, Oxalate of lime, or mulberry calculus. 

, 5. Cystic oxid calculus. 


. The classification of Fourcroy and Vauquelin is much 
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more minute, containing not less than thirteen different 


kinds, (Mem. de l'Institut. National. ii.)) ~ ret riage 
Genus I. Calculi composed chiefly. of one ingredient. 
Species 1. Calculus of uric acid.) © 3 
2. urate of ammonia. — 
3. oxalate of ammonia. —— 


Genus II. Calculi composed of two ingredients: 7 
Species 1. Calculus of uric acid ae earthy phos- 
phates, in distinct layers. ; 


2. of uric acid and earthy phos 
phates, intimately mixed. > Sige 
a of urate of ammonia and 
_ phosphates, in layers. enh - 
A. ‘of urate of ammonia and the 
gs plosphates; intimately mixed: |e 
5. - of earthy phosphates, ei ces 
- intimately mixed, or in fine layers. yA 
6. of oxalate of lime and uric 
acid, in distinct layers. . x EN 
i of oxalate of lime aa earthy 


phosphates, in distinct layers. 

Genus III. Calculi composed of three and four 1 et 
-dients. | . 
Species 1. Calculus of uric acid, or urate of ammo- 

nia, earthy phosphates, and oxalate of 
lime. 


of uric acid, urate of ammo- 
nia, earthy phosphates, and silex. — 

The classification of Wollaston, though perhaps rather 
simple, i is, with a slight addition, sufficiently anata at 
least in a medical point of view. 

I. Uric acid calculi are of a brown colour, siiiine to hind 
of recently sawn fir wood. They are in general smooth, 
but occasionally rough. They have a fibrous and radi- 
ated texture, are round, sometimes compressed. or elon- 
gated ; the sp. gr. varies from 1296 to 1786, but it in ge- 
neral exceeds: 1500. When heated, they give out .the 
odour of ammonia, and of burning animal matter. .They 
are insoluble in cold, but soluble in hot water. ‘The 


2. 
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weaker acids dissolve’ them, but the most important 
action is with nitric, which, after dissolving them, 
gives, when the solution is evaporated to dryness, the red 
stain characteristic of uric acid. They are soluble in 
caustic alkaline solutions, and by the addition of an acid, 
a white precipitate appears. | 
Besides uric acid, calculi of this kind often contain a 

minute quantity of phosphate of lime. or of ammoniaco- 
magnesian phosphate, which, however, are in very mi- 
nute quantity. 
_ The red sand or gravel, passed along with urine, is of 
Se same composition, being merely the uric acid thrown 

own by some excess of acid generated in the system, 
probably phosphoric, sulphuric, or nitric. 

-Caleuli sometimes occur, composed of wrate of ammonia: 
_ They are distinguished from the former, by being lighter 
in their colour, and more compact in their texture. 
Their characteristic feature, however, is giving out the 
odour of ammonia, by the action of potassa. They are 
also soluble in alkaline carbonates, which is not the case 
with those consisting solely of uric acid. Though cal- 
culi composed entirely of urate of ammonia are rarely 
found, those consisting of uric acid have frequently an 
admixtnre of urate, and which modifies their properties. 
“hey are easily distinguished from both of the preceding 
by being partially soluble in carbonate of potass, with 
the evolution of ammonia, while the residue is dissolved 
7 potassa. Fete) 

IL. Phosphate of lime, or bYind berth chineinte When 

oli are composed entirely of phosphate of lime, they 
have a smooth surface, are of a pale brown colour, .and: 
formed of lamine slightly adhering. When exposed to 
the blowpipe, they at first blacken, from the destruction 
of the animal matter, but soon become white, and if the 
heat is intense, are fused. They are soluble in diluted: 
nitric and muriatic acid, without decomposition, for on 
the addition of an alkali, phosphate of lime is deposited. 
When the muriatic solution is evaporated, needle-formed 
erystals, shooting at the angles of 60 and 120, are form- 
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ed. Oxalate of ammonia added to the solution, after sa- 
turating any excess of acid, throws down a white preci- 
pitate, and by which they are distinguished from. the 
other species. 

Bone earth calculi have frequently an admixture of 
uric acid, and of phosphate of magnesia and ammonia, 
causing their appearance to vary, petueding to the man- 
ner in which they are disposed. When they contain 
earthy phosphates, they are white, but when with these 
there is uric acid intimately mixed with them, they | 
are pale brown. These ingredients sometimes occur in 
concentric layers. ode 

III. Phosphate of magnesia and ammonia, or triple 
calculus. Calculi very rarely occur composed entirely of 
triple phosphate. It in general surrounds those of uri 
acid, or it is in alternate layers with phosphate of lime. It 
is known by its fine white colour, and by its softness and 
spathose structure. It is easily cut with a saw, and gives 
a sparkling powder. When placed on burning coal, it 
emits an ammoniacal odour, and melts if the heat is strong. 
It is sparingly soluble in boiling water, which on cooling 
deposits shining crystals. It is soluble in acids, even 
though much diluted. It is decomposed by the fixed al- 
kalies, and which affords an easy mode of analysing them. 
A few drops of potassa solution, poured on the powder, 
and slightly heated, gives off ammonia; a white powder 
is left, which is magnesia ; and that the solution contains 
phosphoric acid, is proved by the addition of carbonate 
of ammonia and sulphate of magnesia, having, however, 
previously saturated = excess of potassa by muriatic 
acid. 

When a calculus consists of triple phingpihiies, alin 
with uric acid and bone earth, it may be entirely dissolved, 
by putting it first into acetic acid, which takes bat 
ammoniaco-magnesian salt, then into weak muriatic acid, 
to dissolve the phosphate of lime, and lastly into gables 
to unite with the uric acid. 

Ammoniaco-magnesian calculi, fodlnneehy ‘contailf 
phosphate of lime, intimately mixed, in which’ case they 
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‘ate easily fused by the blow-pipe into a transparent 
globule.. This forms a sub-species of the phosphate cal- 
culi, for which, from its easy fusibility, Wollaston has 
-_proposed the name of fusible calculus. 

AV. Oxalate of lime, or mulberry calculus. This is 
distinguished from the others by its colour and surface, 
-being externally dark brown, internally light brown, and 
composed of concentric layers. It is very rough in ap- 
pearance, resembling the fruit of a mulberry, and it 
is sawn with great difficulty. It exceeds other calculi 
in specific gravity, being from 1428 to 1976. It is de- 
composed by heat, and converted to carbonate of lime, 
and if the temperature is intense, to pure lime, the carbo- 
nic acid being expelled; at the same time, the odour of 
burning animal matter is perceptible. | Concentrated 
nitric and muriatic acid, with the aid of heat, dissolve 
it. It is not affected by alkalies, but their carbonates 
‘decompose it, and afford the easiest mode of analysis. 
By boiling it with sub-carbonate of potass, oxalate of po- 
‘tass is formed and dissolved, and carbonate of lime de- 
posited. In the solution, oxalic acid is detected by the 
addition of lime water, and lime may be found in the pre- 
cipitate, by dissolving it in muriatic acid, and after sa- 
turating the excess of acid by ammonia, adding an oxa- 
late. 

Mulberry calculus occasionally contains uric acid, and 
sometimes phosphate of lime. In one analysed by 
Brande, the component parts were oxalate 65, uric acid 
16, phosphate 15, animal matter 4. 

Though mulberry calculi occasion the most painful 
symptoms, fortunately they are by no means so frequent- 
ly found as the others. 

__V. Calculi of carbonate of lime have been met with 
very rarely. They have been noticed by Prout and 
some others. They are generally white, and easily 
broken. In some cases, however, they had the appear: 
ance of mulberry calculi, (Med. Chir. Tr. xi.) 

« VI. Cystic owid calculi. This peculiar substance was 
discovered by Wollaston in 1805, and described by him 
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in the Ph. Tr.1810. It has since been observed’ by 
Henry, and also by Marcet, (On Urinary Diseases:) 
Stromeyer has also found it in gravel discharged from 
the human body, and Lassaigne in a calculus ex- 
‘tracted from the bladder of a dog. They are of a pale 
yellowish colour, with considerable lustre, and a certain 
degree of transparency. ‘They differ from the preced- 
-ing, in not being composed of layers, but of a uniform 
compact structure throughout. Before a blow-pipe, they 
emit a very offensive smell. Heated in close vessels, 
the usual products are disengaged, leaving: a carbona- 
ceous residue, but smaller in quantity than that from 
uric acid.. They are insoluble in water and in alcohol, 
and in citric, tartaric, and acetic acids, but easily dis- 
solved by the mineral ones, by the alkalies, and lime 
water. The alkaline carbonates, except that of ammo- 
nia, also dissolve them. In throwing down the cystic 
oxid from any of its solutions, a substance must of 
course be used, which does not dissolve it. Thus, from 
its solution in an acid, carbonate of ammonia should be 
used, while, when dissolved in an alkali, a vegetable acid, 
as acetic, ought to be employed. Cystic oxid may be 
obtained crystallized by the evaporation of its solution in 
acid, in which state it is soluble in water. ~ | 
According to the experiments of Lassaigne, who has 

analysed it by per-oxid of copper, it is composed of - 
oa carbon, 36.2 bs pabiten? 
oxigen, Lit. : 
hydrogen, 12.8 

fey 3 nitrogen, 34 1 4 
VII. Two other calculi have been described by Dr 
Marcet. One was of a reddish colour, soluble in alka- 
lies and in acids, the solution in nitric acid leaving on 
evaporation a bright yellow stain on the glass; and 
hence he has proposed to call it xanthic-owid, (euvbec; 
yellow.) i al. .qasad 
The other was found to possess the properties of fibrin, 
and he has therefore proposed, that should others of a 
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similar nature be hereafter found, it~ should be called 
Jibrinous calculus. ot. 

Though urinary calculi have been arranged into diffe- 
rent classes, yet the varieties presented must be nume- 
rous, since a change of diet, and other circumstances, alter 
the deposit from urine. 'Thus, when there is in the sys- 
tem a tendency to the formation of uric acid, the caleu- 
lus is composed of it ; but if this be checked, the separa- 
tion of the earthy phosphates commences, and the con- 
eretion will become covered with them. When the ten- 
dency to the deposition of the phosphates ceases, uric 
-acid may be deposited, so that the calculus may thus con- 
sist of layers of different ingredients. The classification 
of Wollaston, it is evident from this, cannot, even along 
with those added by Marcet, include all the varieties of 
calculi. It has been proposed, therefore, to add one or 
two more, such as those containing the phosphates and 
uric acid in alternate layers, and those having the diffe- 
rent ingredients intimately mixed. 

Of 150 calculi analysed by Brande, (Ph. Tr. 1808,) 


16 were uric acid, | 
45 were uric acid, with a small quantity of phos- 
phates, 
66 phosphates, with a little uric acid, 
12 entirely phosphates, 
5 uric acid and phosphates, with a nucleus of oxa- 
late of lime, 
6 chiefly oxalate of lime. 


Of 187 analysed by Henry, 


71 were chiefly uric ‘acid, 
22 earthy phosphates, 
11 oxalate of lime, “ei 
_ 89 uric acid and phosphates ifi layers, 
16 oxalate and phosphates in layers, _ 
11 uric acid and oxalate, 
7 uric acid, oxalate, and phosphate in layers, 
8 of a more compound nature, 
2 cystic oxid. 
Pe VORA 3: . i: Y 
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300 analysed by Pearson, almost all contained uric 
acid, and Fourcroy and Vauquelin found it in almost. 
every one of 500 that they examined. — Silica has been 
discovered in only 2 calculi examined by the French 
chemists, both of which were mulberry, and contained 
about 1 per cent. The cystic oxid has been found in 
about 7 instances, and in one or two cases, the ei 
‘passed along with the urine was found to consist of it. 

In administering remedies in the treatment of urinary 
calculi, the first step isto ascertain the nature of the con- 
cretion, which must be done bya chemical investiga- 
tion of any gravel that may be passed along with the 
urine; and for this purpose the different tests already 
mentioned must be applied; but as uric acid is by far the 
most common, it is necessary to begin to look for it. As, 
however, the nature of the deposit from urine is so apt 
to vary, the experiments must be frequently repeated, 
lest, by the administration of remedies, or by other cir- 
cumstances, a change in the system has been induced. 

It was at one time thought, that by the injection of 
different solvents into the bladder, the calculus might, by 
a chemical action, be entirely or partially decomposed, 
but this method has been abandoned, the substances re- 
quired for their ‘solution being so powerful as to act on 
the coats of the bladder itself. Great relief is, however, 
now obtained by the use of remedies taken by the mouth, 
the nature of which depends entirely on that of the concre- 
tion. When it is composed of uric acid, alkaline and earthy 
substances mitigate greatly the sufferings of the patient ; 
and hence the frequent administration of lime water and 
of aerated alkaline waters, the bases in which neutraliz- 
ing the excess of acid in the system, thus prevent the de- 
position of uric acid. When, however, these are carried 
too far, a separation of the earthy phosphates eat 
because they saturate the excess of phosphoric acid ; 
that, instead of alleviating, they increase the sufferings of 
the patient, by favouring the enlargement of the stone. 
That a deposition of phosphates does take place when al- 
kaline remedies are taken to too great an extent, is render- 
ed probable by the fact, that in cases where it was known 
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-that the calculus was composed of uric-acid, it has been 
found, after their administration, to have acquired a coat- 
ing of phosphate. When this occurs, acid remedies are 
found beneficial, of which the best are cream of tartar, or 
some of the vegetable acids, and of course these must also 
be given with caution, because, by their use in excess, the 
Opposite tendency may again be brought about. As 
there is every reason to believe that the formation of oxa- 
lic acid in urine is owing to an acid tendency in the 
system, alkaline remedies may be administered in these 
as in uric acid cases. 


Besides the changes already mentioned, urine undergoes 
another very remarkable one in those labouring under the 
disease called diabetes mellites. It. is increased in quan- 
tity, has a pale colour, and a sweet taste. It is found to 
contain very little urea, but on evaporation, it yields a 
saccharine matter, possessing all the properties of sugar 
derived from the vegetable kingdom. It may be purified 
by solution and crystallization, and made to undergo vi- 
nous fermentation ; indeed Prout has found it of the same 
composition as common sugar. With respect to the pro- 
cess by which this change is accomplished, physicians 
are by no means agreed, but it is generally allowed that 
it is owing either to a defective secretion of urea, or to 
its decomposition after it is secreted. 
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SKIN. 


Tue skin or external covering of the animal body is 
composed of three substances, the cuticle or epidermis, the 
rete mucosum, and the cutis vera. The cuticle is insoluble 
in water ; nitric acid destroys its texture, and stains it yel- 
low. Sulphuric and muriatic acids act on it but feebly. 
The alkalies and lime dissolve it, the latter, however, 
Slowly, so that in this respect it resembles coagulated 


albumen. 
¥ 2 
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The properties of the rete mucosum have not been as- 
certained. It is generally allowed to be that part of the 
skin which gives colour to the inhabitants of different 
nations. Its colour in Negroes may be banished by chlo- 
rine, but it returns in the course of a few days. 

The cutis or true skin, is a dense substance, which by 
‘maceration affords albumen; when long boiled in water, 
it is almost entirely dissolved, and the solution gelati- 
nizes on cooling, or, when evaporated, yields glue. These 
‘properties shew that it is composed almost entirely of 
gelatin; and hence its use in the preparation of glue, 


@. 273.) and in the manufacture of leather, (p. 269.) 


Harr. 


The different kinds of hair, from the stiff bristle to the 
soft down, are nearly all of the same composition. When 
burned, it affords iron, manganese, sulphate, phosphate, 
and carbonate of lime, with muriate of soda, and a little 
silica. tt 
Vauquelin found, that when kept in water for some 
time in Papin’s digester, it was dissolved. ‘The solution 
contained an oily fluid, which differed in colour according: 
to that of hair, and it afforded a precipitate with tannin 
and acetate of lead. 3 ; | | 

Very diluted solution of potassa dissolves hair with 
the evolution of ammonia. 

When alcohol is kept on hair, a white oily fluid is se-- 
parated, and falls to the bottom, and another, which is 
the colouring matter, is held in solution, and may be ob- 
tained by evaporation. It differs in its appearance ac~ 
cording to the colour of the hair from which it is pro- 
cured, | "4 
- From these experiments it is inferred, that hair is 
composed of animal matter, probably coagulated albu- 
men, a white oil, insoluble in alcohol, the colouring oil, 
with the metallic and saline matter. per ig 
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\ Feathers are nearly of the same composition. According 
to Hatchett, they consist chiefly of coagulated albumen. 


Muscutar Fire. 


Mitiecular Jibre, or more properly speaking, flesh, is 4 
very heterogeneous substance. Besides the pure muscu- 
lar fibre, it contains blood, cellular substance, blood-ves- 
sels, nerves, and fat, from which it is almost impossible 
to free it; so that the following remarks apply to flesh, 
and not to the muscular fibre in a state of purity. 

When flesh is well washed with cold water, part of 
the muscular substance is dissolved, and the blood is car- 
ried away, leaving a fibrous matter, retaining nearly the 
original form. The solution, when heated, coagulates, 
and when evaporated to dryness, and treated with alco- 
hol, affords a substance, having a reddish colour and a 
peculiargodour. 

When flesh, after being well washed, is subjected to 
the action of boiling water, a liquid oil arises to the sur- 
face, and a solution is obtained, which gelatinizes on 
cooling. The jelly, when treated with alcohol, also ydlds 
the peculiar substance above alluded to. 

What remains after the flesh has been subjected to 
these various processes, has a fibrous texture, and a grey- 
ish colour. It is of course insoluble in cold and in warm 
water, and when dry, becomes brittle; it is therefore fibrin, 

When flesh is incinerated, it leaves charcoal, with the 
usual salts. 

These experiments shew that flesh is composed of al- 
bumen, gelatin, fibrin, and saline and earthy matter, but 
along with them, there is also the substance dissolved by 
alcohol, and which is ozmazome. 

The proportion of the different ingredients in stent 
vary in different animals, and even in the same individual 
according to his age. In an analysis performed by Ber- 
zelius, (Mem. d’Arcueil i.) three-fourths were donc to 


be fluid. 
Flesh forms a ptiicipal part of our food ad as both 
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gelatin and albumen exist in it, and as the former ohly 
is soluble in warm water, hence the difference in the 
nutritious quality of butchers meat, according to the 
mode of cooking it. When, for instance, it is boiled, 
the greater part of the gelatin is extracted, and retained 
by the soup. When, on the contrary, it is roasted, the 
gelatinous matter is not removed, so that roasted meat 
contains both gelatin and albumen, and should therefore 
be more nutritious than the other; indeed, if meat be 
long boiled, as in making beef tea, what is left is not 
only little nutritious, but very indigestible, being com- 
posed almost entirely of coagulated albumen and fibrin. 

The tendons connected with muscles are almost entire- 
ly formed of gelatin; being completely soluble by long 
boiling in water. 

Ligaments, on the contrary, are not entirely soluble in 
boiling water ; so that, besides gelatin, they contain pre: 
bably coagulated albumen. 


MEMBRANES. 


The membranes have been divided by anatomists into 
two classes, the serous and the mucous. The former 
are almost entirely soluble in boiling water, and may be 
converted to leather, by infusion of tan; so that they 
contain a great deal of gelatin; the latter, on thé con- 
trary; when boiled in water, do not yield gelatin. 


BRAIN. 


The substance of the brain has been divided into the 
outer or cortical, and the inner or medullary part, the 
last of which has been made the subject of investigation 
by Vauquelin, (An. of Ph. i.) 

When brain is exposed to air, it quickly undergoes 
putrefaction, emitting a disagreeable odour, and acquir- 
ing 4 green colour, but when immersed in water, its com- 
position is very slowly changed. When triturated with 
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it, asolution is obtained, which is coagulated by heat 
and by acids. _ me ts 

The acids dissolve it; nitric acid, by the aid of heat, 

causes a disengagement of carbonic acid and ammonia, 
and the formation of oxalic acid. Sulphuric acid also 
partially dissolves it; the solution contains phosphate of 
soda and ammonia, free phosphoric acid, and sulphates 
of ammonia and lime. 
_ The action of alcohol is important, as affording a means 
of resolving brain into its component parts. When boil- 
ed on it for some time, a substance is dissolved, which, 
as the temperature falls, is deposited in shining scales, 
and in many of its properties resembles spermaceti. 
When the alcohol is merely digested on brain, it acquires 
a yellowish tinge, owing to its having taken up an oily 
matter which it deposits on cooling, and which, from the 
experiments of Vauquelin, seems to contain animal mat- 
ter and phosphorus in its uncombined state, for, when 
freed from acid by washing, it yields phosphoric acid by 
combustion. The alcoholic fluid, from which this is de-~ 
posited, contains ozmazome. The insoluble matter, left 
by the action of repeated digestion with alcohol, has all 
the properties of coagulated albumen, 

From the above enumeration of the properties of brain, 
it is evident, that besides the saline ingredients, it contains 
albumen, fatty matter, and ozmazome. According to 
Vauquelin, these were in one analysis, 


water, - a ~ 80. 

fatty matter, : 5.23 

albumen, . t - fo 

ozmazome, “ - 1.12 

phosphorus, - - 15 

salts, - - - 5.15 = 100 
Bone. 


Bones are hard. solid bodies which give support to the 
soft parts. They vary in shape in different situations, and 
the density of the same bone also differs in different parts. 
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In general, with the exception of the more porous pend 
the sp. gr. is from 2 to 2.25. 

When bone is subjected to a strong heat, a white po- 
rous substance, still retaming the original form, is left, 
which consists almost entirely of phosphate of lime. 

When bones are boiled along time in water, particularly 
under pressure, as in Papin’s digester, a solution is obtain- 
ed, on the surface of which there is a small quantity of 
fatty matter. The fluid, when concentrated by evapora- 
tion, gelatinizes on cooling; it therefore contains ge- 
ae 

~ When a piece of bone is —_ for some time in- idle 
muriatic acid, it gradually becomes softer and softer, 
owing to the solution of the earthy matter and gelatin, 
and a substance of the original form remains. It is soft: 
and spongy; hence a long bone, after it has been kept 
in the diluted acid, may be bent in any direction, or a 
knot tied on it. To this substance the name of car- 
tilage has been given. The component parts of bone 
‘are therefore, earthy matter, fatty pean gelatin, and: 
cartilage. 
~ ‘The realty matter, when dissolved in muriatic acids! 
effervesces, owing to the disengagement of carbonic acid, 
and the solution contains phosphate of- lime, phosphate 
of magnesia, and muriate of lime, shewing that, in addi- 
tion to the phosphates, there is also carbonate of lime. 
Berzelius states, that phe these, -it contains fluate of 
lime. nen 
The npr of iltinad bone were,’ SOLE to 
him, in one analysis, 


phosphate of lime, - 81.9 
phosphate of magnesia, Saree ff 5 

fluate of lime, - ey aT: = 

lime, * - “ 10. 

soda, - sy ft 2, 

carbonic acid, = - 5 2. = 100. 


The’ properties ‘of cartilage are nearly the: same as 
those of coagulated albumen.'The. stronger acids  dis- 
solve it, but the weaker’ ones have no effect on it, unless 
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‘when kept together for a very long time, in which case 
it is rendered much softer, and easily dissolved by water, 
the solution affording a precipitate with tan, and gela- 
tinizing on cooling, so that it seems to be changed to ge- 
latin. | 

The proportions of the ingredients of bone vary ac- 
cording to the age of the individual. The cartilage is 
‘first formed, and on it the osseous matter is gradually 
deposited, so that in young persons the former is in 
‘greatest quantity, but as the individual advances in life, 
-the earthy substances increase; hence the reason why 
the bones of old people are more easily fractured than 
those of children. 

The earth of bone has a powerful attraction for co- 
louring matter, particularly madder roct ; hence, when 
this is mixed with food, the bones themselves gradually 
acquire a reddish tinge. 

The bones of different animals, according to Four- 
croy and Vauquelin, (An. de Ch. Ixxii.) vary from those 
of man, in containing a large proportion of magnesia,—a 
statement confirmed by the experiments of Berzelius. 

Human teeth are nearly of the same composition with 
bone. Hence, when put into diluted acid, the earthy 
matter is dissolved, and the cartilage is left. The 
enamel does not, however, seem to contain any of the 
latter, and is therefore entirely soluble in acids, but 
that of ox teeth contains it. The following is the com- 
position of bones and teeth given by Berzelius. 


Dry Enamel Dry Ox Enamel 
Human of Human bones. of ox 
bones. teeth. teeth. 
cartilage, 32.17 — i 33,30 
blood vessels, 1.13 — a 
fluate of lime, 2.0 3.2 2.90 4.0 
phosph. of lime, 51.04 85.3 55.45 81.0. 
carb. of lime, 11.30 8.0 3.85 7.10 
phosph. magnesia, 1.16 1.5 2.05 3.0 © 
pedendariirehi ntl \ 1.20 20 245 1.34 
water, &c. 


100. 100 100. 100. 
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The hard outer covering of shell fish differs in its com- 
position from bone. It contains a large quantity of carbo- 
nate of lime, with a little phosphate and animal matter. 
Egg shells are nearly of the same composition. 

Horn is almost entirely composed of gelatin and coa- 
gulated albumen, the earthy matter not amounting to 1 
per cent. ; hence it is used for yielding glue. 

Bones oa other animal solids, when subjected to da. 
structive distillation, yield a large quantity of carbonate 
of ammonia, and hence they are employed for affording 
that used in some places in the preparation of sal ammo- 
niac, (p. 488. vol. I.) When the bone is not so strongly 
heated, the whole of the animal matter is not destroyed, 
the earthy substance is left mixed with charcoal, and 
hence the mode of making ivory blacking, which is 
so much used for decolorising fluids, as in the prepara- 
tion of vegetable acids and alkalies; but before using 
it, it is necessary to wash it well with weak muriatic acid 
to remove the saline ingredients. 


* 


SECTION IV. 


COLOURING MATTER. 
—__, 


Tun colouring matter of the vegetable and animal king- 
doms is sometimes obtained in an insulated state, but it 
is in general attached to some particular principle, as 
gum, fecula, or resin, and hence the necessity of employ- 
ing different re-agents, to get it in solution, according 
to the nature of the substance with which it is united. 


INDIGO. 


Perhaps the most important of colouring substances, 
not only from its richness, but also from its durability, is 
indigo, obtained from different species of indigofera, cul- 
tivated in the East and West Indies, and in America. To 
procure it from these, they are put into troughs with 
water, and kept at the temperature of about 80, by which 
they undergo a sort of fermentation, the fluid becoming 
muddy, acquiring a green colour, and emitting a gaseous 
fluid. After this has gone on a sufficient time, the water 
is drawn off into another vessel, and kept constantly agi- 
tated, during which a considerable quantity of the colour- 
ing matter is deposited. Lime is next added, with the 
view of favouring the deposition, and putting a stop to 
the putrefaction, and after the whole of the colour has 
subsided, the supernatant water is let off, and the residue 
dried by exposure to air, but excluded from sunshine. 

Indigo is obtained from other sources, as from the 
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isatis tinctoria or woad, and the nerium tinctorium, the 
former cultivated in Britain, the latter in India. ) 

Indigo is a soft friable substance, destitute of taste 
and smell, having a rich blue colour, but varying 
occasionally, owing chiefly to foreign admixture, derived — 
partly from the plants from which it is procured, partly 
from the substances employed in its preparation. Ac- 
cording to Bergman, 100 of indigo consisted of 


pure indigo, AY: 
gum, . 12 
resin, - - 6 
earthy matter, 22 
oxid of iron, - 13 


The earths, he found, consisted of : Pi 
baryta, 10.3 lime, 10 silica, 1.8 . 

and according to Proust, magnesia also exists in it. 
The heterogeneous nature of indigo is proved also by, 
the action of heat, the products differing from those of 
other vegetable matter, the residue of the incineration 
yielding a large proportion of earths, and of oxid of iron. 
By the cautious application of heat, however, part of the 
pure indigo may be volatilized, as was first noticed by 
Chevreuil, and afterwards by Mr. Crum, the latter .of 
whom has detailed the methods of conducting. the pro- 
cess, (An. of Ph. xv.) For this purpose, the indigo is 
put into a small capsule of platinum, over which. another 
similar-is placed, and the heat of a spirit lamp applied, 
as long as a hissing noise continues to be. emitted. On 
the upper part of the apparatus, when cool, needle form- 
ed crystals of a brilliant copper colour are found. et 

Sublimed indigo, when heated to about 550, passes off 
in vapour of a violet, or rather reddish colour, and with- 
out leaving any residue; but if the temperature be allow- 
ed.to go beyond that, there is a decomposition. | 
,.. Its component parts, according to Crum, are 


i Probably 
carbon, . 43.22 16 atoms 
oxigen, + 12.60 "Oo. ae 
hydrogen, 2.92 verry 4; do. om nit seats 


nitrogen, 11.26 ie eee 
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It is insoluble in water, but warm oil of turpentine dis 
solves it, giving a violet coloured solution, from which 
it is deposited when the temperature falls. . 

Common indigo is also, by the action of water, resolved 
so far into its component parts. When digested in it, 
the fluid acquires a yellow colour, and on the application 
of heat, ammonia is evolved, and a greenish substance is 
precipitated, but which soon becomes blue by exposure 
to air. From the supernatant fluid greenish flocculi 
are afterwards deposited, and alcohol throws down a 
brownish matter having a bitter taste. According to 
Chevreuil, who first noticed these changes, (Journ. de 
‘Phys. Ixvi.) the precipitate becoming blue by exposure 
to air, is pure indigo. 

The acids present important phenomena with indigo, 
Nitric acid concentrated, acts very powerfully with it ; 
but when diluted, the action goes on more slowly, the 
indigo gradually disappearing, and nitric oxid being 
evolved. The solution contains a peculiar substance, to 
which the name of bitter principle has been given. The 
process recommended by Liebeg, (An. de Ch. xxxv.) for 
procuring it, consists in boiling ten parts of diluted acid 
on one of indigo, as long as red fumes are given off, add- 
ing acid to compensate for loss, and removing any scum 
that may rise to the surface. When the liquid has be- 
come cold, yellowish crystals are deposited, which, after 
being washed with cold water, are dissolved in it by 
heat ; and on the addition of potassa to the solution and 
filtration, erystals are again formed on cooling.. These 
are compounds of the alkali and bitter principle, and 
may be decomposed by adding an acid to their solution 
in boiling water, by which the latter is deposited in bril- 
liant yellow plates, generally of a triangular form. 

. The bitter principle thus prepared, is, by the appli- 
cation of heat, first fused, and then volatilized, without 
undergoing decomposition. When heated suddenly in 
air, it is kindled, and burns with a yellow flame. It is 
sparingly soluble in cold, but easily dissolved by boiling 
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water, the solution reddening litmus. It is not acted on 
by chlorine or iodine, nor by cold muriatic or sulphuric 
acid; but the last, when warm, dissolves it. It unites 
with salifiable bases, and forms compound salts; from 
which, and from its composition, Liebeg has called it 
carbazotic acid, being, according to him, composed of 

carbon, = 31.51 

oxigen, - 53.78 

nitrogen, = 14.72 
Though containing oxigen and azote, the want of action 
with sulphuric and muriatic acids, shews that nitric 
acid, or oxid, does not exist in it. 

The compounds of carbazotic acid and bases, called 
carbazotates, vary in their properties according to the 
base. ‘Those with the alkalies and some of the earths 
are soluble and crystallizable, their solutions throwing 
down precipitates from metallic salts, which are compos- 
ed of the oxid and peculiar acid. ‘They are all decom- 
posed by heat, the elements of the acid entering into 
other states of combination, and in general with explo- 
sion. 

Carbazotic acid may likewise be procured by the ac- 
tion of nitric acid on silk. 

The action with indigo and sulphuric acid is also im- 
portant. When heated with it, it is gradually dissolved, 
forming a solution well known by the name of Saaon 
blue. On the application of heat, the indigo, according 
to Mr Crum, (An. of Ph. N.S. v.) is completely chang- 
ed; for, on the addition of potassa, or its ‘sulphate, a 
precipitate of an intense blue colour is formed, which he 
considers a compound of the salt, and a peculiar princi- 
ple, called by him cerulin, which, he states, is composed 
of 1 atom of indigo, and 4 of water. 

The precipitate, which he calls ceruleo-sulphate of 
potass, is, when dry, of a blue colour so intense, as to .ap-+ 
pear black. It absorbs moisture rapidly from the air. 
It is sparingly soluble in cold, but taken up in consider- 
able quantity by warm water, the colour of the solution 
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being so deep, that one drop will give a blue tinge to 
500000 of water. 

If the action of sulphuric acid on indigo be stopped 
at the moment the solution changes from yellow to blue, a 
substance altogether different from cerulin is formed, and 
to which Mr Crum has given the name of phenicin, from 
its affording purple compounds with salts, (Qo, purple.) 
It may be prepared by shaking 1 of indigo with 8 of 
acid in a phial, till the mixture becomes of a bottle green 
colour, after which it is to be diluted largely with water 
and filtered. ‘The solution at first comes off colourless ; 
but by continuing to wash the filter with water, a blue 
fluid passes through, which must be kept separate from 
the other ; it contains the peculiar substance, which, by 
the addition of muriate of potass, is precipitated of a 
rich reddish purple colour. To purify it, it is washed 
with water, till the fluid that comes off begins to give a 
red precipitate with nitrate of silver. 

Phenicin, thus prepared, is soluble in water and in 
alcohol, giving blue solutions, from which it is precipi- 
tated by the addition of any salt, whether alkaline, 
earthy, or metallic; but the quantity necessary to effect 
the precipitation varies in the different instances. ‘Acids 
have no effect in preventing the precipitation. 

Sulphuric acid converts phenicin to cerulin. The 
fixed alkalies gradually decompose it ; but it is dissolved 
by water of ammonia, without undergoing any change in 
composition. 

Phenicin, according to Mr Crum, is composed of the 
same ingredients that exist in cerulin, but in such pro- 
portions as will form 1 atom of indigo, and 2 of water. 

Indigo, it has been already mentioned, is not soluble 
in water, but it may be rendered so by the action of dif- 
ferent re-agents; and hence its use, along with these, in 
dyeing. To get it in solution, it is put into water with 
green vitriol and lime, or with sulphuret of arsenic and 
potashes, and after being boiled for some time, a green 
fluid is produced, which, however, becomes blue by ex- 
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posure to air, and gradually deposits indigo of its ong 
ae colour. 

‘The change effected on indigo by the Hr sbes Dies em- 
ployed, seems to be the abstraction of oxigen, which has 
been removed, in the one case by the protoxid of iron, li- 
berated from the green vitriol by the lime; in the other, 
by the hydro-sulphuret formed by the action of the al- 
kali on the arsenical compound. That this is the case, 
appears to be proved by the experiments of Dalton, who 
found, that by exposure of the solution to air, oxigen, 
amounting to about 1-8th of the weight of the indigo, 
was absorbed. Cloth, also, when dyed in the indigo h- 
quor, is green, but gradually becomes blue when hung in 
air, the oxigen of which is abstracted. If, on the con- 
trary, indigo be mixed with per-sulphate of iron and 
lime, it is not dissolved. | 

_ Another method of getting indigo in solution, is to 
mix it with bran, or other vegetable substances, and ! 
allow it to ferment; but this method is not much prac- 
tised. ' : 
According to Liebeg, indigo contains a peculiar prin- 
ciple, to which he has given the name of indigogene. It 
may be procured by digesting it with green vitriol and 
lime, in vessels containing hydrogen, so as to exclude 
the air, by which a yellowish-coloured fluid is formed, 
and which, when drawn off from the impurities, keeping 
it all the time from contact of air, deposits a white preci- 
pitate on the addition of muriatic acid. 

Indigogene, though white as thus procured,. is kept 
with great difficulty in this state, unless it is quite dry. 
If the least moisture be present, it absorbs oxigen rapid- 
ly from the air, and becomes blue. When put into 
water in open vessels, it is gradually converted to blue, | 
so that in both instances pandigo is terprognceds (An. de 
Ch. xxxv.) | 

These experiments of Liebeg still farther confirm the 
opinion, that the changes effected on indigo in the pro- 
cess of dyeing, are the abstraction of part, or the whole 
of its oxigen, but which it regains on exposure to air. 
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Locwoop, (Hamatoxyton CaMPECHIANUM.) 


_ Logwood, when boiled in water, affords a solution of a 
dark brown colour, but is altered by the addition of 
other bodies. A few drops of acid change it to yellow. 
‘The alkalies, on the contrary, make it purplish. On the 
addition of a solution of alum, the colouring matter com- 
bines with the earth of the latter, so that, if any sub- 
stance be added by which the earth is precipitated, it 
_ takes the other along with it. That this is the case, is 
shewn by throwing a solution of alum into the infusion, 
and then putting in some potashes; the earth and co- 
louring matter are deposited, leaving the fluid colourless, 

Some of the metallic salts act powerfully on logwood. 
Thus, green vitriol changes it to black, and a solution of 
tin in muriatic acid makes it bright red ; hence the use 
of logwood in the preparation of black and red ink, as 
already described, (p. 201. 38.) 

Logwood contains a peculiar principle, discovered by 
Chevreuil, (An. de Ch. Ixxxi.) to which he has given the 
name of hematin. It is obtained by digesting the wood 
in water at 130, filtering and evaporating to dryness. 
The residue is then dissolved in alcohol, and the solution 
evaporated a little, after which it is mixed with water, 
and again concentrated by evaporation. When the liquid 
cools, minute crystals are deposited. 

Hematin, thus procured, is of a reddish colour, hav- 
ing an astringent bitter taste. It is soluble in warm 
water, forming an orange red solution, which becomes 
yellow as it cools, but the original colour is restored by 
again applying heat. Acids added to the solution at 
first change it to yellow, but gradually make it red. Al- 
kalies make it assume a purple tinge; but if used to ex. 
cess, they first change it to violet, then brown, and lastly 
yellow ; an effect produced also by the soluble earths. 
_ Metallic salts alter its appearance, those of iron striking 
a deep blue, and of tin a rich red colour. 

ats 1. ofc; Z 
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SAFFRON.) 


Saffron, the dried pistils of the crocus sativus, is sup- 
posed also to contain a peculiar principle, which Bouil 
Jon La Grange, and Vogel, have called polychroite, from 
the different colours which it affords, (An. de Ch. lxxx.) 
It is obtained by evaporating the watery solution to dry- 
ness, dissolving the residue in alcohol, and again —— 
rating. - 7 ih 
Polychroite i is of a yellowish distant att delietionslee 
It is soluble in water and in alcohol, the solution losing 
its colour by exposure to air, and which cannot by any 
means be recalled. It is also destroyed by chlorine. 

- Nitric acid, added to the solution, changes it to green, 
and sulphuric acid to blue. Some of the metallic salts 
throw down precipitates; sulphate of iron, for instance, — 
affords one of a dark brown, and nitrate of mercury one 
of a red colour. | | 


- ArnoTta, OR ANNOTTA. 


Arnotta, or annotta, is another eolsircie matter ‘mies 
used in dyeing. It is prepared from the seeds of the 
Biaa Orelana, a native of the West Indies. For this pur- — 
pose, after the husks are removed, they are put into — 
troughs with water, and beat till the whole of the colour- 
ing matter is taken from them. ‘The fluid is then heat- 
ed, the scum, as it collects on the surface, being removed, » 
after which it is boiled down to the pe consistence; 3 
and dried. 

‘The solution of elihieltn is pdllowael and, like sitage | 
colouring matters, is changed by different substances. — 
Thus, the alkalies make it much darker; and from the 
solution, acids throw down an pracy ry — 
tate. ms 

It is Guaibyed principally 1 in dyeing salad yell or 
orange; for which purpose, it is always mixed with an 
alkali, as potashes, to render it more soluble in water. 
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It is also used for colouring cheese, being dissolved in 
the milk before it is curdled. — 


Litmus, on Arcuitt. 


Litmus is a substance prepared from different kinds of 
lichens, but principally from the L. rocella. For this 
the plants, after being dried, and reduced to powder, are 
mixed with lime and urine, and allowed to ferment, by 
which a reddish substance is formed, that soon changes 
to blue. It is then again mixed with lime, and dried by 
exposure to air. Instead of drying it, it is often kept 
fluid till required. 

The solution of archill is purplish, being changed to 
red by acids, and to blue by alkalies; and hence its 
value as a test. It is used chiefly in dyeing silks and 
ribbons, but the colour is not permanent. 


MADDER. 


Madder is another substance employed abundantly as 
adye. It is the root of the rubia tinctorium, cultivated 
chiefly in Holland, and imported to this country in pow- 
der. When dissolved in water, it gives a solution of an 
orange red colour, which becomes brighter by the addi- 
tion of potashes, but is changed to yellow by acids. 
When mixed with alum and potass, the whole of the 
colouring matter is thrown down; and hence one method 
of preparing lake. © For this purpose, two ounces of mad- 
der are treated with successive portions of water, till the 
whole of the soluble matter is extracted ; and having 
boiled the fluid, a solution of an ounce of alum is thrown 
in, and immediately afterwards an ounce and a half of a 
saturated solution of carbonate of potass. The powder 
precipitated, after being well washed, is dried by the 
cautious application of heat. | | 
Metallic solutions also change the appearance of mad- 
der; green vitriol makes it a clear brown, and sugar of 
lead brownish red, 

z2 
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Ee ¢t nee 3 . 
QUERCITRON.- of a) 


Quercitron, the inner bark of the quercus nigra, a na- 
tive of North America, is another substance much used 
by dyers. The infusion is of a yellowish brown colour, 
which is darkened by alkalies, and made lighter by acids. 
Alum throws down the colouring matter of a deep yel- 
low; muriate of tin forms a lively yellow ; and sulphate 
of iron a dark yellow precipitate. 


TuRMERIC. 


_. Turmeric, the root of the curcuma longa, cultivated in 

the East Indies, is a yellow powder, having a pleasant: 
odour, and an aromatic bitter taste. It is partly soluble 
in water, affording a yellow solution, which is easily 
changed to brown by alkalies; and hence its use as a 
test. It is but sparingly soluble in alcohol, to which it 
gives a red-colour. Turmeric is the principal ingredient 
in Curry Powder, and it is used also in dyeing. M 


CocHINEAL. 


Cochineal is a red dye, derived from the animal king-. 
dom. . It is the female of a small insect, a native of Mex~ 
ico, which feeds on the leaves of the cactus opuntia, and 
from which it is supposed to derive its colour. After 
being collected from the plants, they are plunged into 
boiling water to kill them, and dried in sunshine. The: 
infusion is.crimson, and is changed to reddish yellow by 
acids. Alum makes it become red, but at the same time 
causes precipitation, and on this depends the mode of pre- 
paring carmine. This is procured by throwing one 
pound of cochineal, previously ground to powder, into 
10 gallons of water, and boiling it. about three hours, 
after which three ounces of carbonate of soda and half 
an ounce of alum are added, and the whole well stirred. 
Having remained at rest for some time, the clear fluid is 
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drawn off, and mixed with the white of two egos, and 
again boiled. A coagulum is formed, which, when the 


_ ebullition ceases, soon falls to the bottom. The clear 


é 


fluid is poured off, the residue thrown on a Biter; well 
washed, and dried. 

Red lake is prepared, by boiling the fluid from which 
carmine has been procured, along with potashes and the 
precipitate formed on the first addition of alum. The 
clear fluid is then drawn off, alum is again added, and a 
precipitate is thrown down, which, when washed and 
dried, is lake, (Rees’ Encyc.) 

Cochineal, though affording a crimson solution, is ge- 
nerally used for dyeing scarlet ; for which purpose, it is 
mixed with super-tartrate of potass, the colour being 


fixed by a salt of tin. 


DykzIne. 


The art of dyeing consists in fixing colours on cloth, 
so that they shall not be destroyed by exposure to air, 
or by washing. The articles of which cloth is composed, 
have an attraction for colouring matter, but it varies in 
different instances. In some it is so powerful, that the 
colour may be applied without any preparation, except 
merely scouring to remove impurities, which is usually done 
with a weak solution of potashes. After this, it is soaked. 
in the infusion of the dye-stuff, which adheres to it, im- 
parting its colour, and which cannot be removed by 
washing. In other cases, on the contrary, the attraction 
is so weak, that though the colour can be imparted to 
the cloth, it is not permanent; but when this is the case, 
it may be fixed by the use of a third substance, which has 
an attraction for both. Thus, if cloth be dyed by madder, 


_ it acquires a reddish colour, which may, however, in a great: 


~ 


7 


measure be removed; but if it be previously soaked in a. 


solution of alum, then dried, and afterwards put into. the 


_madder vat, it is dyed, and the colour is fixed, owing to 


the attraction of the alumina for the cloth, and also for the: 
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dye, by which they combine, and are thus kept iin union 
with it. This constitutes a difference in the process of dye- 
ing, and has given rise to the division of dye-stuffs into two 
classes, the substantive and adjective, attaching to these 
words the same meaning as in common language. A 
substantive colour is therefore one that will act of itself, 
an adjective colour requires the addition of some other 
body. ‘Those substances uséd along with adjective dyes 
have been called mordants,: from the idea that they bite 
in the colour; they are chiefly alum, and some of the 
metallic salts, particularly those of tin, occasionally also 
of mercury, lead, and iron. But these, besides fixing 
the dye, also change its appearance; and hence their use 
in procuring different colours from the same dye-stuff, 
as the remarks on the properties of colouring matters 
shew, these being changed by the addition of the differ- 
ent agents mentioned. 

From what has now been said, it is evident that there 
are two modes of dyeing; either by substantive or adjec- 
tive colours. - When the attraction between the cloth and 
the colour is strong, all that is necessary, is to soak it im 
the infusion of the dye-stuff, by which the colour is im- 
parted, and fixed ; but when weak, it must be first satu- 
rated with a mordant, and then with the colouring mat- 
ter. Of course, the former must vary according to the 
nature of the dye. | 

There is still another method altogether different from 
those mentioned ; \it is not by using the dye already pre- 
pared, but by combining the cloth with substances which 
act on each other, and strike the colour required ; and in 
this way also the colouring matter becomes fixed. Thus, 
cloth can be dyed black, by soaking it in a mixture of in- 
fusion of nutgalls and green vitriol, but it is not perma- 
nent. If, however, it be previously immersed in the in- 
fusion, and after being dried, be put into the solution of 
the salt, the black is produced, the same chemical action 
taking place on the cloth, as when the solutions them- 
selves were mixed, and it is thus rendered fixed. In this 
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way, a great variety of colours may be produced, many 
of which have been already noticed when describing the 
properties of the metals and of colouring matter. . In 
dyeing the compound colours, as green, this.is generally 
done by making the cloth blue, and afterwards soaking 
it in a yellow infusion. Thus, by dyeing it with indigo, 
and afterwards putting it into an alum bath, and then 
into quercitron, the yellow of the last, and the blue of 
the first, produce the green. 7 

‘As mordants are used to fix colour on cloth, it. is evi- 
dent, that if, instead of being applied to the whole, cer- 
tain parts only are covered, the colour, though commu- 
nicated to the whole, will be fixed only on those parts sa- 
turated with the mordant; and that this is the case is 
easily shewn, by making some traces with infusion of 
nutgalls on cloth, and allowing it to dry, and then put- 
ting it into solution of green vitriol; the colour, on the 
traces only, will be durable. Hence the mode of apply- 
ing a pattern on a white or coloured ground, which is 
called calico printing. 

Two mordants are in general use by calico-printers, 
—acetate of alumina, and acetate, citrate, or tartrate of 
iron ; the former prepared by mixing sugar of lead with 
alum, by which sulphate of lead is precipitated, and ace- 
tate of alumina held in solution; the latter, by dissolving 
the metal in the acids. 

The solutions thus formed are made of the requisite 
consistence with starch, to which in general a little Bra- 
zil wood is added, to give it colour, that the traces may 
be seen when applied; to the cloth. The instrument by 
which this is done, is a block of wood, on which the pat- 
tern is cut. In some places, it is interlaid with the felt 
of hat, which takes up a great deal of the mordant when 
necessary ; and for some of the nicer patterns, copper is 
sometimes used, by which the impression is more deli- 
cate. The block being covered with the mordant, i is ap- 
plied to the cloth, and struck with a mallet, or forced 
* down by machinery, to cause it to leave on as much as 


possible; and by applying it repeatedly, the whole web 
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is properly covered, and after being dried in a*stove 
room, to fix it, is put into the dye-vat, by which the co- 
lour is imparted to the whole; but by boiling it in bran 
and water, and exposing it on the ground, only those 
parts previously covered with the mordant are, coloured, 
so that the pattern is dyed on it. 

By applying different mordants to the same web, diffe-) 
vent-coloured patterns may be produced. Thus, if part. 
of a piece of calico be covered with the aluminous mor- 
dant, another with the iron, a third with a mixture of 
these, and the rest left untouched ;—when put into a 
madder-vat, the first will become red, the second black, 
the third purple, chocolate, or lilac, according to the 
proportions, and that part uncovered will be reddish, 
but which, on keeping it in bran a little fermented, and. 
then exposing it on the field, disappears, leaving ~~ 
ground white. 

Connected with the art of dyeing is that by which ban- 
danas are made. For this purpose, a web is dyed Turkey 
red, and after being laid up in folds, is placed between 
metallic plates, in which are cut patterns, similar to that 
to be given to the cloth. Through the holes thus cut in 
the plates, a solution of. the bleaching compound (vol. 1. 
p- 450.) is allowed to flow, by which the colour of the ex- 
posed part of the cloth is discharged, and a white pattern 
is left on the red ground. : | 


For fuller information on. this subject, the reader is 
referred to Bancroft on Permanent Colours; Berthollet’s 
Elemens de Art de la Teinture ; Henry, Manchester 
Mem. iii.; Thenard et Roard, An. de Chem. Ixxiv. ; 
Aikin’s Chem. Dictionary. 


. PART V. 


ELECTRICITY AND GALVANISM. 


SECTION I. 
ELECTRICITY. 


As the subject of electricity properly belongs to Me- 
chanical Philosophy, it is not to be supposed that the 
circumstances concerning it are to be detailed at length. 
All that is meant is, to state as much as will enable the 
reader to trace the connexion between it and other agents, 
and to point out the means of producing the chemical 
changes it occasions. 

When certain bodies are rubbed against each other, 
for instance, amber or glass upon woollen cloth, small 
sparks dart from them, and they quickly acquire the pro- 
perty of drawing light objects towards them, which are 
almost instantly repelled. All bodies do not possess this 
property. If, instead of amber or glass, a metal be em- 
ployed, little or no effect is produced. The substance first 
discovered to draw light objects to itself is amber, the 
nrtéleey of the Greeks, and hence the origin of the word 
electricity. Many others have since been found to pos- 
sess the same quality, as glass, jet, sulphur, wax, resin, 
silk, fur, and worsted. These are called electrics, be- 
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cause, when rubbed, they excite electricity. Those, on 
the contrary, which have not this property, that is, those 
which do not attract light objects when rubbed, are call- 
ed non-electrics ; they are metals, water, and a number 
of salts and earths. _ 

If, when an electric is rubbed and electricity excited, 
a non-electric be brought near it, the electricity is carried 
off ; if, however, an electric be approached, it is not taken 
away, but allowed to accumulate. The former, non- 
electrics, are therefore said to conduct it, and hence the 
division of bodies into conductors and non-conductors. 
Electrics, it has been said, do not conduct, while non- 
electrics conduct; electrics are therefore non-conductors, 
and non-electrics are conductors. 

Though bodies have been divided into electrics and 
non-electrics, it must not be supposed that the latter have 
no power whatever of exciting electricity. Though a 
piece of metal, for instance, when held in the hand, and 
rubbed on woollen cloth, does not draw light objects to- 
wards it, yet it-can be made to acquire this power, as 
when it is insulated, that is, fixed to a ‘glass handle, and 
then rubbed with fur; and the same occurs with’ other 
bodies belonging to the class of non-electrics, ‘so that all 
objects can, by certain means, be made to excite electri- 
city ; but the difficulty with which some do it, has given’ 
rise to the division.’ This want of power, in some bodies, 
to show signs of electric excitation, can be easily account- 
ed for. If we suppose that this agent exists in all ob- 
jects, and becomes sensible by friction, the less quickly 
the excited body conducts it, the more powerfully will it 
retain it, and of course the more easily can it be made to 
shew it ; whereas, when the object is a good conductor, 
almost the instant it is evolved, it will be conveyed away. 
Hence, though becoming sensible when a metal is rub- 
bed, yet, as the metal ecidiugts it with amazing rapidi- 
ty, it is with great difficulty it can be detected. 

The same remarks are applicable to conductors and 
non-conductors, this division being by no means a natu-- 
ral one; for those-belonging to the latter class do con- 
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duct it, though extremely slowly, indeed so much ‘50; 
that when thrown into them, it is allowed to accumulate. 

To excite electricity, an electric is rubbed either 
against another electric or a non-electric. 'The common 
instrument for this purpose, is the electrical machine, 
which consists of a glass cylinder, A, which is an elec- 
tric, made to rub a- 
gainst a non-electric, 
as a metal placed ona 
cushion of leather *. 
The cylinder is sup- 
ported on non-conduc- 
tors, as glass rods B C, 
and is therefore said 
to be insulated ; and at 
each side there is plac- 
ed a metallic cylinder 
PN, to convey the e- 
lectricity, and hence 
called the conductors, the latter having a cushion be- 
tween it and the cylinder, on which the metallic matter 
is placed. These are also supported on non-conductors, 
that the electricity may not be carried off. 'To the glass 
cylinder is fixed a handle H. 

Luckily for the science of electricity, air is a non-con- 
ductor ; had it been otherwise, it would be carried off the 
moment itis excited. Moist air, however, and all objects, 
whether conductors or non-conductors, become conduc: 
tors when moist ; hence it is that during rain, or in crowd- 
ed rooms, electrical experiments do not succeed, the air 
and apparatus being rendered so damp, that the moment 
the electricity is excited, it is carried off ; and hence also 
the necessity of having the machine, and all the appara- 
tus, well warmed, that they may not condense the mois- 
ture, and thus become conductors. _ . 

If the electric subjected to friction be completely insu- 
lated, as is the case with the glass cylinder of the ma- 


: Ne ee eens Eee —- 


™ The metallic matter employed is an amalgam of mercury, and zinc or 
tin, and is placed on the cushion with a little grease. 
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chine, the’ electricity is at first weak, and very soon 
ceases; but if a communication by means of a conduc- 
tor be made between it and the earth, or some othér ob- 
ject, it becomes stronger, and the supply may be kept 
up as long as the friction is continued, but it ceases when 
the communication is broken. The machine has there- 
fore a metallic chain E, suspended from the cushion’s con- 
ductor N, and touching the table, so that it may be in 
communication with some other object. 

By the machine thus constructed, electricity may be 
excited proportionate to its. size, and the state of the at-— 
mosphere ; ; the drier the air, the stronger it is. When 
put in motion, electricity may be got from it, as by ee 
proaching the knuckle to one of the conductors. 

When electricity passes from one substance to ano- 
ther, there is a peculiar odour, a slight noise, and a flash 
of light, which is bright if the experiment be performed 
in the dark ; so that it thus flies off from the conductor 
in sparks. 

In vacuo it passes off without interruption, dispersing 
itself in beautiful luminous clouds or streams. 

That a communication between the machine and the 
earth, or some other object, is necessary for keeping up 
the supply of electricity, is shewn by removing the chain 
of communication E ; it is at first weak, and soon ceases; 
but on again applying it, it becomes strong. 

‘The most remarkable property of electrified bodies, 
is their first attracting, and then repelling light objects. 
Thus, if a small cork ball, suspended by a thread, be 
brought near one of the conductors P, it is attracted, and 
then repelled. It is, however, no sooner repelled, than it is 
again attracted, again to be driven off. In the first in- 
stance it receives a supply of electricity, by which it is 
repelled by the conductor, and gives it off to the sur- 
rounding air. On being again attracted, it receives an- 
other, which it as quickly ioposes through the air a- 
round it. 

On this depends the power of causing light baal to 
dance. ‘Thus, if a common tumbler be held over the 
wire of the conductor, so as to throw electricity into it, 
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and it be placed over some small pieces of the pith of 
elder tree, they are attracted and repelled, so that they 
are kept constantly in motion. On the same principle, if 
a piece of metal leaf, placed on a plate of metal, be held 
near the conductor, it is kept suspended between them, 
or rather it moves upwards and downwards, being alter- 
nately attracted and repelled. 

Substances electrified by being approached to or con- 
nected with the conductor P, Kopel each other. If, for 
instance, a person lay hold of one of the conductors, and. 
stand on an electric stool, which is merely a board sup- 
ported on glass feet, or non-conductors, by which it is 
insulated, he becomes electrified, the electricity passing 
from the machine into his body ; and his hair will stand 
on end, because each hair, being electrified, repels the 
one adjoining it. The same happens if we attach a bunch 
of feathers to one of the conductors; they are electrified, 
and repel one another, and the different parts of the 
same feather also repel the others. 

All of these phenomena are produced, whether we 
make use of the conductor P, or that connected with the 
cushion N, bodies being attracted and repelled by it; and 
if two or more be electrified, they also repel one another, 
so that it may be considered a general law, that bodies 
similarly electrified repel each other. If, however, bodies 
be electrified at the different conductors, instead of repel- 
ling, they attract one another; and that this is the case, 
is easily shewn. Having fixed a wire to P and to N, a 
little curved, and the points approaching, suspend from 
each a piece of pith, and then put the machine in mo- 
tion, they instantly fly together, and continue so as long 
as the excitation of electricity is kept up. Hence bodies 
differently electrified attract each other. 

Since bodies similarly electrified repel, and those in 
opposite states attract each other, we have an easy means 
of ascertaining, not only when a body is in a state of ex- 
citation, but also the kind of electricity ; for by electrify- 
ing positively a cork ball, suspended by a silk thread, 
and bringing another body in an excited state near it, it 
will attract it if negatively, and repel it if positively elec- 
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trified. Perhaps the most delicate electrometer, is that: 
recommended by Bennet. It consists of two slips of 
gold ‘leaf, of about 2 inches in length, suspended ina 
bottle, from a piece of wood used as a stopper. The 
leaves instantly diverge, when brought in contact with 
an electrified object, so that in this way electricity, 
though in trifling quantity, may be discovered. situs 

The repulsion of light objects also furnishes a means 
of measuring the quantity of electricity. In Bennet’s 
electrometer, the more the leaves diverge, the more 
powerful it is. The instrument generally used for this 
purpose, is Henley’s quadrant electrometer, which con- — 
sists of a pillar of wood AB, terminating below in 
a piece of brass, by which it may be fixed to the 
conductor of the machine. To the upper part 
of the pillar, a graduated semi-circular plate, 
C, is fixed, to the centre of which a moveable in- 
dex DE is attached, formed of a wooden rod, 
with a cork ball at its extremity. When the 
electrometer is connected with the conductor, 
and the machine put in motion, the index is moved ; the 
angle which it makes, and which is measured by the 
scale, being according to the intensity of the electricity. 

Dufay was the first who drew the attention of philoso- 
phers to this fact, that bodies repel or attract each other, 
according to the part of the machine at which they are 
electrified; and from it he was led to suppose, that 
there are two kinds of electricity, one given out by glass, 
and therefore called vitreous, the other from resinous bo- 
dies, and therefore termed resinous. Substances, however, 
according to circumstances, excite different states; thus, 
glass may be made to give out what is called the resin- 
ous, while the vitreous can be got from resins. This in- 
duced Franklin to doubt the accuracy of Dufay’s theory, 
and to propose one much more simple, and which, in 
this country at least, is generally received. He supposed 
that there is but one agent producing these effects, which 
is a fluid possessed of high elasticity, repelling its own 
particles, but having an’ attraétion for all other kinds of 
matter. He imagined that it exists in all bodies, but in 
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very different quantities. Some have equal shares of it, 
some have a superabundance, others a deficiency. Hence, 
when two, each having its own share, are rubbed toge- 
ther, he imagined that the equilibrium is disturbed, that 
one gained, while the other lost it; the former he said 
became plus, the other minus electrified. Instead of these 
terms, we often speak of a body being positively and nega- 
tively electrified, the former corresponding with the plus, 
the latter with the minus condition. The plus and positive 
state of electricity are synonymous with the vitreous of Du- 
fay, and the minus or negative with the resinous. When, 
then, the machine is revolved, the electricity is supposed to 
be taken by the glass A, from the metallic matter on which | 
it rubs, N, and is given to the conductor P ; and as there 
is a chain suspended from the rubber N, and communi- 
cating with the table, the supply is kept up, there being 
a constant flow towards the rubber, from it to the cylin- 
der, and from it to the conductor. Hence it is that the 
conductors have also got different names. That connect- 
ed with the chain N, and from which the electricity is 
supposed to be taken, is called the negative, the other, 
P, into which it passes, is termed positive, the former 
losing, the latter having an overcharge of it. From the 
positive conductor, it flies off to the surrounding objects 
with different velocities, according to its surface. If it 
be terminated by a point, as when a wire is fixed to any 
part of it, it passes off in an uninterrupted stream, as is 
shewn by approaching the knuckle to the wire ;. but if 
terminated by a knob, it darts off in sparks. Thus, when 
the knuckle is brought near the ball, it receives sparks 
more or less bright, according to circumstances. 

_ The same remarks apply to bodies receiving electricity, 
pointed ones taking it in more quickly than blunt ones. 
Thus, if the knuckle be approached to the conductor, it 
receives sparks, but on presenting a wire at the distance 
of a. few inches, the sparks cease, the electricity flying 
into the wire. On withdrawing it, sparks again appear, 
but on again approaching it, they disappear. Hence the 
part of the positive conductor P, next the cylinder, has 
a number of wires terminated by points, and presented to 
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the glass, that the electricity, when excited, may be 
drawn off quickly. many gerne 

Though the electricity thus excited may be greater 
at one time than another, according to the size of the 
machine, and the state of the weather, when we wish it 
to be very powerful, we must have recourse to means of 
collecting it. The apparatus used for this purpose, is the 
mvention of Muschenbroeck, and is called a Leyden jar. 
It is merely a glass jar or bottle, A, coated 
with tin-foil both inside and outside to the 
same height B. Through the wooden stop- 
per C, there passes a wire terminated by a 
knob at D, and touching the foil in the inte- 
rior. When the ball D of the jar is approach- 
ed to the positive conductor, the electricity 
flies into it, but it does not escape to the surrounding at- 
mosphere, or the table on which it is standing; on the 
contrary, it is accumulated, so that the inner surface be- 
comes highly positively electrified, and the outer one ina 
corresponding negative state; and that it is so, is shewn by 
making a communication between the interior and exte- 
rior coating, by which the equilibrium is restored. For 
this purpose a discharger is used, which is merely a brass 
wire terminated at each end by a ball X Y, x a 
and fixed at the middle to a glass handle 
Z. Having charged the jar by keeping its 
knob for some time near the positive con- 
ductor, the ball X is to be applied to the 
tinfoil, and Y to the knob D, and the 
electricity is instantly set free with a spark, ih 
which is auch brighter than that gotfrom 4 | 
the machine. The jar may be discharged in other ways 
than by the discharger. Thus, having charged it, if a 
person hold it in one hand, and apply the other to the 
knob, the electricity is evolved, and produces, when 
small, a peculiar sensation in the fingers and elbows, but, 
when large, and fully charged, it passes through the 
chest ; if a number of them be employed, forming what 
is called an electric battery, it may be made so strong, 
as to knock the person down, or even to kill him. 
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* When electricity passes from one body to another, it 
travels with immense velocity, and. is accompanied with 
great.heat. When a Leyden jar is discharged, the elec- 
tricity travels along its wire, and that of the discharger. 
It might be expected, that as the discharger is lengthen- 
ed, it would require a longer time to pass along it; this 
is not, however, the case, at least we are not aware of 
any difference. Thus, if the communication be made by 
means of a chain, fixed to the walls of a room, and 
at each corner be connected with a bladder, full of an 
explosive mixture of oxigen and hydrogen, when the jar 
is discharged by it; the whole of the bladders are ex- 
ploded at the same instant, even though many feet sepa- 
rate. my | 
In several experiments made by the Members of the 
Royal Society, it was found: that the electricity from a 
Leyden jar, passed through a chain of several miles in 
length, apparently as quickly as along the common dis- 
charger, at least there was no perceptible. difference. 
Though this is the case, yet it does not travel with equal 
celerity along all bodies. According to Cavendish, iron 
conveys it 400 millions of times more quickly than water, 
and even water ‘itself has its conducting power changed, 
by dissolving different substances in it. (Ph. Tr. 1776.) 

The discharge of the jar is also accompanied with heat, 
which is often so intense, as to set fire to bodies. If, for 
instance, cotton besmeared with powder of resin, has a 
spark passed through it, it is kindled, provided the maz 
chine isin good condition. For this purpose, the cotton is 
placed on a metal stand, the bottom of which is attached 
toa chain; the jar being charged, is’ also put ‘on the 
chain, and the discharger is then: applied, the one ball 
to: that of the jar, the other to the cotton; the mo: 
ment that the electricity is discharged, that is, when 
the spark passes from the discharger to the metal on 
which the cotton is placed, the resin is kindled. ~ 

The discharge of electricity is sufficient also to cause 
gases to explode. When hydrogen and oxigen are mix- 
ed, and heat is applied, there is an immediate explosion; 
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and the same is the case if an electric spark be passed 
through them, For exploding the gases, a strong glass 
tube is used, having a wire passing in at each side, and 
terminating in the interior at the distance of the 1-10th 
part of an inch from each other, as in the experiment 
with the bladders. On this depends the electrical pistol, 
which is merely a glass tube, open at A, | 
and shut at B, with its wires C D. To 
fill this with an explosive mixture, it 
is held over a bottle E, containing 1 of Ce 
iron filings, 4 of water, and 1 of sul- 
phuric acid, by which hydrogen is set 
off. By holding it a certain time over 
the tube, hydrogen enters, displacing A 

part of the air; a cork is then put in at A, and having 
charged a Leyden jar, it is put ona chain, one end of 
which is connected with the wire D, and holding the 
pistol by G, in the hand, C is then to be applied to the 
knob, by which the electricity flies from the one to the 
other, and as-there is a spark passing from wire to wire 
in the tube, it explodes the gases. 

Though electricity thus excites sufficient heat to pro- 
duce combustion, yet, in passing along a body, -it does 
not warm it. Thus the wire of the discharger, by which 
a jar is discharged, is not heated in the smallest degree. 
In an experiment related by Van Marum, the bulb of a 
delicate thermometer was made part of the chain of com- 
munication, but it did not indicate the slightest rise of 
temperature. It is only where the electricity passes 
from one object to another, that it produces its heating 
effects ; thus, in the discharge of the jar, the spark is ob- 
served where the ball of the discharger touches, or rather 
approaches that of the other. In the same way, in the ex- 
periment with cotton and resin, the knob of the dis- 
charger is made to touch that on which the inflammable 

_is placed, a spark passes from one to the other, and the 
heat is there evolved sufficient to excite combustion. 

After these few preliminary observations, we) have 
now to state the effects of electricity, and the uses. to 
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which it is applied in a chemical point of view.— Most of 
the changes produced on bodies by this wonderful agent, 
seem to depend, in a great measure, on the high tempe- 
rature it induces. The heat excited, it has been already 
mentioned, is sufficient to inflame resin. By some of the 
very large electrical machines, many inches of metallic 
wire have been fused; even quartz, one of the least fusi- 
ble of minerals, has been melted by it. The greater the 
resistance offered to its passage, the greater, in general, 
is the caloric evolved. 

The points of fusion of different bodies, seem to vary 
from those occasioned by heat, as has been shewn by 
Van Marum, particularly with respect to metals; but 
this is probably owing to their different powers of conduct- 
ing electricity. 

Electricity occasions remarkable changes on gaseous bo- 
dies,—causing the union of some, and the decomposition 
of others. The apparatus employed for the transmission 
of electricity through gases, is of the same construction as 
the electrical pistol; merely a strong tube having wires 
passing into it, and terminating at the distance of about 
1-10th of an inch from each other, (vol. i. p. 202.) The 
jar, after being mounted on a mercurial trough, has the 
gas introduced, and an electric spark passed through it, 
In the manner already described in the experiment with~ 
the pistol. 

From this property of electricity, it proves an excellent 
means of analysis, because, by the transmission of sparks 
through gases, some are made to enter into union, and are 
probably condensed, while others, if compound, have their 
ingredients separated; so that by marking the conden- 
sation or enlargement, the composition of the substances 
_ may be discovered. The particular changes occasioned, 
and the method of applying electricity in analysis, have 
been given when describing the properties of the bodies’ 
that have been subjected to its action, and of those 
that are used with it, (vol. i. p. 202.) Electricity ac- 
¢elerates evaporation. It invigorates the growth of 
plants, and proves a stimulus to the animal frame, as in 
Aa 
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cases of palsy, and in suspended animation. In apply- 

ing it for these purposes, the part of the body to be’sub« 

jected to its influence, is merely made part of the chain 

of communication, by which a Leyden jar 1s discharged. 

Thus, in passing it through the arm, the jar being: 
charged, is held in the hand and applied to the shoulder. 
If to be passed through the leg, a chain being tied around. 
the thigh, is connected with the jar, which is then to be: 
charged, and by applying the knob to’any part of the 

foot, the electricity is transmitted through the extremi- 

ty, which is thus made a part of. the chain of communi- 

cation. (A much more easy method of electrifying, par- 
ticularly when to be applied generally to the body, is to 

make the person stand on an electrical stool, and take 

hold of the conductor. As he is insulated, the electrici- 
ty passing from the machine into him does not fly off, it 

is accumulated ; but it may be withdrawn from any part, 
by another approaching a metallic rod, fixed in. a glass, 
handle. | y vet lo 
_ It is a curious fact, that many animals have the power) 
of giving an electric shock at pleasure... The most re- 
markable of these is the Gymnotus Electricus of South 
America; but a more familiar one is the Torpedo, which. 
occurs on the shores of the Mediterranean, and also on 
the coast of Britain. Though these exist in a fluid, 
which is a conductor, yet it is remarkable that the elec-. 
tricity is not carried off from. them; and that they have 
a supply of it, is shewn by touching them, by which they: 
give'a shock sufficient even to kill a small animal. i 
- Electricity. is also evolved. during certain changes 
which bodies undergo. When vapour is condensed, the 
objects in contact with it shew signs of electricity ; 

and sulphur, and many others, when passing from fluid 
to solid, also emit it. It is even evolved by mere pres-: 
sure. From a series of experiments, Becquerel con- 
cludes, that all substances assume different electric states: 
by pressure. Thus, ‘two which are good conductors,’ 
have their electric equilibrium disturbed the moment. 
that the pressure is removed; but, if one be a bad con- 
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ductor, the effect continues for some time. He has also 
found that heat modifies the developement of electricity 
in these cases. From these experiments he has conclud- 
ed, that the light emitted by powerful concussion, is due 
to the electricity evolved on the surface at the moment 
of compression, and hence probably the cause of the light 
during the discharge of an air gun, from the abrasion of 
the particles of foreign matter carried in with the wad- 
ding, (vol. i. p- 172.) In many instances electricity is 
discharged during a separation of particles, and the 
cause is probably the same as in those just mentioned. 
Thus, when ‘sugar is broken, or cloth torn, in the dark, 
there are flashes of electric light ; and the same also hap- 
pens on drawing off a flannel jacket, or a silk stocking, 
electricity being evolved by the mere separation from 
the body with which they were in contact. 

Electricity is likewise evolved during many of the oc- 
currences of nature. The aqueous vapour which arises 
from the surface of the earth, as it is condensed, forms 
clouds, which become electrified, and the earth being in 
an opposite state, if they approach, an electric spark pass- 
es between them. Electricity also often flies from one 
cloud to another, the one having been positively, the 
other negatively electrified. This is the cause of light- 
ning, and the vibration produced in the air occasions 
thunder, which is more or less loud according to the 
quantity of electricity, and the distance at which it is 
heard. Dr Franklin made the important discovery, that 
the electricity thus discharged in the heavens, is the same 
as that given out by an electrical machine; which he 
proved by a very simple experiment. He elevated into 
the air a silk kite, from which there descended a cord 
containing a metallic wire, attached to a conductor, _sup- 
ported on a glass rod. By this he was enabled to charge 
a Leyden jar, which, when discharged, produced the 
same effects as common electricity. 

Perhaps the most useful application of our knowledge 
of the laws of electricity, is the means which it has point- 
ed out of protecting buildings and ships from being de- 
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_ stroyed by lightning, which consists in erecting what are 
called conductors. ‘These are merely copper or iron rods, 
the thickness depending on the size of the building, fixed 
to the outer walls, reaching to a certain height above the 
highest point, and descending into the earth a little be- 
low its foundation, and terminating in a pool of water. 
It has been found that a conductor will protect from 
lightning a circular space, the diameter of which is four 
times the length of the rod itself, measured from the 
highest point of the object to which it is fixed. Its 
height ought therefore to be, taking it from the highest 
part of tis building, rather more than a fourth of the 
diameter of the Laisldized itself. 

It has been already Mc eink that pointed bodies re- 
ceive electricity much more easily than blunt ones. Con- 
ductors ought therefore to be terminated by a number of 
points, that they may draw towards them the electricity 
which is discharged from the clouds, and a metal ought 
also to be used that is not liable to be affected by the 
weather ; hence they are generally made of copper. In 
fixing a conductor, it is necessary to use a substance that 
is a non-conductor, otherwise, instead of defending, it 
would be the means of destroying the building, by trans- 
mitting the electricity through it. For this purpose, it 
is attached to iron staples, but covered with cloth and 
pitch, to make them non-conductors. Conductors should 
always be made to take the shortest course from the top 
to the bottom of the building, and all the parts of the 
roof covered with metal should be attached to it by 
means of rods, that the lightning may be carried off from 
them. Ships are also protected by rods or plates pass- 
ing from above the top-mast, along the mast, the lower 
end passing through the keel into the water. 
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Tx has been already mentioned, that electricity is excited 
by friction, as with an electrical machine, in which the 
glass cylinder, rubbing against the cushion with its me- 
tallic matter, is aumpceed to deprive the latter of it. It 
may, however, be evolved by other means; but when 
this is done, the phenomena presented by its action, vary 
from those of common electricity. 

_ The wife of Galvani, professor of anatomy at Bologna, 
accidentally discovered, that when the nerve of the limb 
of a frog, lying near an electrical machine, was touched 
with a piece of metal, it was thrown into violent convul- 
sions, even though it had been dead for some time. This 
discovery, made in the absence of Galvani, when com- 
municated to him, naturally excited his curiosity. He 
repeated the experiment, and after varying it in different 
ways, proved satisfactorily what had thus been discover- 
ed by mere accident. He found that the convulsions 
could also be excited independent of the electric machine ; 
for having, with the view of proving the truth of some 
of his opinions with respect to muscular motion, suspend. 
ed a frog by means of a metallic hook on an iron railing, 
he found that at certain times they were excited. When 
also the nerve of the extremity was covered with a me- 
tallic leaf, and the leg laid on another piece, on establish- 
ing a communication between them by means of wire, they 
became stronger. 

These experiments of Galvani are easily peared 
Having deprived the lower extremities of a frog of the 
skin, the great nerves passing near the spine are to be 
laid bare by cutting off a piece of the vertebral canal. 
A slip of tinfoil is placed around the nerves, and a com- 
munication made by means of silver wire between the tin 
and any part of the leg, and the convulsions are excited. 
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They may also be induced, and much more easily, by 
suspending the denuded extremities, with the tinfoil on 
the nerve, on a rod of metal, and then by bringing the 
foil and the rod in contact, as by squeezing them between | 
the finger and thumb, the legs are instantly convulsed ; 
but the convulsions cease when the metals are separated. 
Galvani found that the convulsions are excited even 
though only one metal is employed, as by establishing a 
connexion between the tinfoil on the nerve and a part of 
the leg, by taking hold of the former by one hand, and 
the other by the other. When, on the contrary, still 
keeping hold of the tinfoil, the leg is touched by a glass 
rod held in the other hand, there are no convulsions. — 
From the different experiments which Galvani per- 
formed, he was inclined to suppose that the action was 
the same as takes place in electrical animals, and that 
the metal, or metals, served merely as conductors.’ He’ 
conceived that the different parts of the body were in’ 
the plus and minus states of electricity ; and that on 
making a comminication between them, it was discharg- 
ed, and caused the convulsions. Hence he ce it” = 
name of animal electricity. F 
~ Volta and others have, however, given a different 
view of the subject. He supposed that it was merely 
common electricity evolved by the metals, the animal 
being the conductor, and shewing its effects. He has’ 
shewn, for instance, that particular sensations are ‘ex-~ 
cited ‘in the human ‘body by a similar adjustment. Tf 
we take two pieces of metals, say zinc and silver,” apply: 
one above, the other beneath the tongue, no- particular: 
sensation is excited ; but if they be made to touch each’ 
other, a peculiar metallic taste is perceptible. — “When, 
also, we put the zinc between the upper lip and gum, 
and. the silver between the under lip and gum, and bring | 
them together, a ‘flash of light darts across the eyes, Sg 
vided the experiment be performed in the dark. | 
Though ‘these different facts seemed to prove that the 
éffects esa ee on animals by metals. were merely those 
of common electricity, this opinion was for a consider~ 
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able-time opposed, till, by a particular. coatrivance, Be 
‘was put beyond the possibility of doubt: | 

It occurred to Volta, (Ph. Tr. 1800,) that the prwie 
sions might be greater by using more pieces of metal. 
He accordingly took a number of plates of zine and silver, 
and arranged them in pairs, putting moist card between 
each pair, and following the same order throughout, as 
: zinc, silver:card ; zinc, silver card, &c. &c. When the legs 
were touched by means of wires AB, the 
effects were much greater than when oly = 
two pieces were used; and he also found, 
that they were invariably in’ proportion to. 
the number, fully proving the truth of his 
opinion, that the electricity was given out’ 
by the metals, and not by the animal. It has ther en 
been called) galvanism, from its discoverer, and some- 
times also voltaic electricity, and the apparatus by which 
this. was*proved is now termed a voltaic pile. 

Several improvements have been made on the pile, sey 
most important of which was the discovery of Cruick- 
shanks. The apparatus used by him consists of a wood. 
en trough, A B, in the sides of which, are-cut grooves, 


at about the distance of 4 or 4 of an Baal from each other 
according to its size, and into which are placed a plate 
of copper and zinc C Z, soldered together, following the 
same arrangement as in the construction of the pile; cop- 
per, zinc, copper, zinc, &c. so that, in looking from one 
end B, along the battery, we observe all the zinc faces, 
and from the other, A, all the copper ones. 7 
It is not.a matter of indifference what metals we em- 
ploy, in constructing a battery ; they must possess diffe. 
rent powers of oxidation, or of being acted on by acids. 
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‘One must be easily affected, while the more the other re. 
sists their action, the better. For the former, zinc is ge- 
nerally used; could gold or silver be had sufficiently 
cheap, they would answer well for the latter; but their 
expense prevents their use. Copper, which is compara- 
tively cheap, and not easily acted on, is SenetaNe pre- 
ferred. 

Different liquids are used for the excitation of olen 
nism. When water is employed, the effect is trifling. 
Solutions of the compound salts produce more. effect ; 
but those by which the greatest action is excited, are the 
acids, and of these nitric is preferred. It is generally 
diluted with about 20 or 30 parts of water. Instead of 
this, muriatic acid, with 16 of water, may be used; and 
for.some purposes, a mixture of nitrous and sulphuric 
acid is employed. Mr Children recommends a mixture 
of 3 of nitrous, and 1 of sulphuric, diluted with 30 of 
“water. When we wish the galvanism to be strong, we 
‘rather use a large battery, than increase the strength of 
the acid; because, in the latter case, it acts powerfully 
on the plates, and destroys them; and as it would be 
inconvenient to have a great many plates into one trough, 
several small ones are used, the adjoining ends being 
connected by wire, taking care that a zinc termination 
is always opposed to a copper one. 

Instead of the arrangement already described, it has 
been found that galvanism may also be excited by filling 
a number of glasses, A, B, C, D, 
with diluted acid, and placing 
into each a plate of zinc and 
copper, Z, C, not in contact, 
but connecting the adjoining pieces of the different 
vessels by wire, following the same arrangement through- 
out, of zine copper, zinc copper, &c. the zine of one 
vessel being joined to the copper of the adjacent one. 
This apparatus was proposed by Volta, and called by 
him, the couronne de tasses. Though not so easily 
managed as the common trough, yet, owing to both sides 
of the metal being exposed to the acid, the action is 
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“more powerful. The form in'which it is now used, is a 
‘wooden trough with glass partitions, or an earthen-ware 
one, A B, divided into compartments, 

- dnto which the acid is poured, and 
the plates Z C, joined by a cross: 


bar D, at the top, are inserted, so 
‘ that the copper of one: pair, and the P manag: 
zinc of another, are in the same : 


compartment. 

These plates are easily removed and cleaned, and for 
this purpose they are generally suspended to cross beams, 
and put into the acid when required. 

Another, and still more powerful form of battery, is 
that recommended by Wollaston. It consists in placing 
into each cell a zinc plate with a copper one on each side, 
the latter being connected at top and at bottom by me- 
tallic arcs, and kept supported on the former by pieces 
of wood ; the zinc plate of one cell being connected with 
the copper of the adjoining one by a metallic arc, as in 
the cowronnes. de tasses. By this contrivance the power 
is increased by one half. 

By the troughs thus constructed, the action can be kept 
up much longer than in the pile; the effects are greater 
from the same extent of surface, and they are more easi- 
ly managed, and sooner in action. 

That the effects are greater by this, than by using only 
two metals, may be easily shewn. Having suspended 
the frog on the wire connected with one end of the 
trough, N, touch it with another from the opposite end, 
P, and the convulsions are much stronger than in those 
instances already mentioned. 

The sensations excited by the battery are very pecu- 
liar. If a ball be placed at each end, and the hands, 
after being wetted, are put on them, there is a thrilling 
in the fingers and arms, which becomes painful if it be 
large ;-at the same time convulsions are excited. It is 
necessary, however, for the success of this experiment, 
that the hands be wet, and the greater the extent of 
moistened surface, the more powerful are the effects. If, 
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also, we increase the conducting power of the fluid, we 
render them still stronger. Acids are good conductors; 
hence they ought to’ be washed with much diluted acid, 
as muriatic. If they be oa ia pee dai to the balls, 
' there is little effect: ~ 

Galvanism passes” through bodies vith: different de- 
grees of celerity. Good conductors of electricity’ are 
good conductors of galvantism, and. those which do not 
conduct the former, are non-conductors of the latter. 
Of ‘course glass, and dry vegetable matter, are non- 
conductors. All fluids, charcoal, and metals, are con- 
ductors, the last being by far the best. i 
' When the opposite. ends of the battery are filles to 
communicate by means. of a conductor, the effects are 
astonishing ; of course they differ according to the sub- 
stances by which the communication is established. If 
‘a wire from each end N P, be brought into contact, there . 
is a spark more or less vivid, according to the size of the 
‘apparatus and the strength of the acid, and which is re- 
newed each time they are brought together. If, instead 
of using a good conductor as a metal, we employ one of 
inferior conducting power, as charcoal, the effects are 
still more brilliant. Thus, if the wires be terminated by 
charcoal, and these are brought into contact, the light is 
very intense, indeed so much 60, as to be painful tothe eyes. 
For this experiment, the charcoal ought to be prepared 
from willow ; and for this purpose, pieces of the wood, of 
about an inch in length, and 1-4th of an inch in thick- 
ness, and tapering to a point, after being imbedded 
in sand, are kept at a full red heat for two hours, 
When cold, they are to be tied by fine wire to those “used 
as conductors from the opposite ends of the trough. 

_ Sir H. Davy found, on using the very powerful battery 
of the Royal Institution, consisting of 2000 pair of 
plates, each nearly 6 inches square, that when the pieces 
of charcoal were kept at the distance of four inches, there 
was abrilliant arch of light, and the greater part of them 
was constantly in a state of ignition.. 

This may be produced even under water, for if the 
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pieces of charcoal be placed in a tumbler of it, they emit 
a spark each time they are brought into contact, but by 
no means so brilliant as in air. | 

By galvanism, there is not only the evolution of light, 
but what is still more remarkable, metals are easily ignit- 
ed, and even fused, so that an intense heat is also ex- 
cited. ; 
-»When the metallic conductors N P, are iplaced at the 
ends of the trough, and a communication established be- 
tween them, by means of very fine wire, as platinum, -it 
is made red hot, the length ignited depending on the 
strength of the battery. If a metallic leaf be employed, 
the heat is sufficient to convert it into vapour. This is 
done by putting the leaf on one of the wires of the: 
trough N, and having the other terminated by a zinc’ 
plate. The moment that the plate is made to touch the 
leaf, the latter is dissipated in vapour, being consumed 
with a bright light. Brass leaf burns with a white flame, : 
and red streaks are observed running along its surface.: 
Even gold and silver are consumed by it, the former 
eesti with a white, the latter with a green flame. 

By the large battery of Mr Children, which consisted 
of 20 pairs of plates, 6 feet by 2 feet 8 inches, a plati- 
num wire 1-30th of an inch in thickness, and 18 inches’ 
long, became at first red hot, and then fused. In an-) 
other experiment, a bar of the same metal 1-6th of an 
inch square, and 2 inches long, was also made red hot, » 
and even fused at the extremity, (Ph. Tr. 1815.) 

_ Though in these cases, the extent of surface of metal 
in the battery was very great, and the expense consider-> 
able, Dr Wollaston was able by a small plate of zinc to: 
ignite platinum wire; in fact, the apparatus which he: 
used, was merely a silver thimble, the sides being squeez-: 
ed together, and a piece of zinc, 3-4ths of an inch square 
placed between them. By this, when immersed in a: 
mixture of 1 of sulphuric acid, and 50 of water, platinum 
wire 1-3000th of an inch in thickness, and from 1-50th> 
to 1-30th of an inch in dengihi was easily fused, (An. of 
Ph. vi.) 
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The heat excited by galvanism, is sufficient also to 
fuse the most refractory earths. If, for instance, any of. 
these be placed on the metallic conductors, or, which is 
still better, if they be kept between the pieces of char- 
coal, by which the wires are terminated, the moment 
that they are brought near each other, the earth is soft- 
ened, and even in some cases actually melted. 

Dr Hare of Pennsylvania, who employed a very large 
apparatus, with copper on each side of the zinc, has 
shewn the astonishing powers of galvanism in igniting 
charcoal, and fusing metals, (An. of Ph. xx.) When 
250 zinc plates were used, platina wire 3-16ths of an 
inch in thickness was fused, and made to flow like water, 
and iron of the same dimensions burned with explosive: 
violence. When pieces of charcoal were brought into 
contact, and then withdrawn, a most intense ignition took. 
place, and the point of the positive piece, shot out in the 
direction of the longer axis, and increased in length to: 
about 1-10th of an inch ; while the negative piece under 
went a change precisely the reverse, it was shortened, 
and a crater-like cavity supplied the place of the point. 
On reversing the position of the pieces, making the posi- 
tive negative, and the negative positive, the cavity was) 
very soon filled, and the lengthened point of the other. 
disappeared, and in the course of time, a cavity similar 
to that originally on the other was formed. From these: 
experiments, it appears that there was actually a trans-. 
fer of charcoal from one to the other, the direction being: 
invariably from negative to positive. On examining the 
charcoal, specks of fused matter were observed, from: 
which it was at first supposed, that the inflammable mat-: 
ter had really been liquefied, but it has been now ascer- 
tained, that this was occasioned by impurities. | j 

The chemical changes which galvanism effects, are also» 
very striking. — LW | Y Aap ley 

Soon after the construction of the voltaic pile, Nichol-- 
son and Carlisle discovered that its ends were in opposite’ 
states of electricity. The zinc, or most oxidable termi: 
nation, exhibiting the plus or positive, the copper or less 


GALVANISM. 383 


_ oxidable, being in the minus or negative state. This 
has given rise to the distinction of the ends of the trough, 
and of the wires coming from them, into positive and ne- 
gative. By the positive wire, then, is to be understood 
that from the zinc or most oxidable metal, and which ex- 
hibits the plus or positive electricity; by the negative 
wire is meant that from the copper, or least oxidable end, 
and which is in the minus or negative state. 

Galvanism is a most powerful agent in causing decom- 
position. By increasing the strength of the battery, 
substances held together by the most powerful affinity, 
are easily separated. We have thus been enabled to as- 
certain the composition of some, till then reckoned sim- 
ple, and new bodies have also by its aid been discovered, 
which have themselves proved powerful means of analy- 
sis. Nicholson and Carlisle first pointed out its effects 
on water, and drew the attention of others to the subject. 
Since then, it has been successively examined as a che- 
mical agent, by Volta, Fourcroy, Thenard, Berzelius, 
and others, on the continent; and in ‘this country, by 
Cruickshank, Wollaston, and Davy. About the begin- 
ning of this century, Sir H. Davy, at that time professor 
at the Royal Institution of London, subjected a number 
of substances to the action of a powerful battery, by 
which he discovered the compound nature of many, and 
illustrated by numerous instances, the chemical changes 
produced by this wonderful agent. 

Nicholson and Carlisle, it has been already said, 
first pointed out the effects of galvanism on water. 
For this purpose, they put into it brass wires from the 
opposite ends of the pile, and the moment the communi- 
cation was established, a stream of gas was observed to 
rise from the wire, connected with the silver extremity, 
and which they found to be hydrogen; at the same time 
the other seemed to have undergone oxidation. On using 
wires not liable to be oxidated, gas was. given off from 
each, one of which as before was hydrogen; the other, that 
set free from the wire, coming from the zinc end of the 
pile, was oxigen; hence the conclusion was natural, that 
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the water was resolved into its component parts. This 
experiment is shewn most satisfactorily, by hsing ‘@ Ves- 
sel of the form A B. -On the intro- | > Fins 
duction of the wires N P, the gases 
are disengaged, and collected in the 
tube B. That it isa mixture of oxigen N 
and hydrogen, is proved by removing 
the tube when full, and applying 
flame; there is an immediate explosion. alae e hago 

In these experiments, there is not only the deconisiosi, 
tion of the water, but the gases are given off invariably 
at different wires ; and that they are so, is shewn by using 
a globular with a tube over each wire, so that the gas 
from each can be collected, and its quality, ascertained. 
On putting in the wires, the tubes | 
HO soon become filled; that in O, 
over the positive wire P, is oxigen; 
and that it is so, is proved by remov- 
ing it, and putting a piece of recent- 
ly extinguished wood into it, which is re | 
instantly kindled ; that in H, over the iecabiaile wire N, 
is hydrogen, as is shewn by its inflammability. In. this 
instance, there is collected twice as much gas in H.-as in 
O, water being a compound of two nf bedrogens and one 
of oxigen. | 
. Itis from this.circumstance that the wires hata bya some 
been called omgen giving, and hydrogen Saale ; ti 
however, not much employed. — 

Nicholson and Carlisle not only proved the decomps: | 
sition of water by galvanism, they also, by using a diffe- 
Yent form of apparatus, first effected the separation, and — 
afterwards the re-union of its ingredients. . For this asiieg | 
used a glass tube A,; through pa shut end of» ait 
which there passed. a wire N. . Being filled ‘B) 
with water, it was inverted on a cup B,. . 
through which also there was passed a wire P, - 
of such length, that when the tube was placed’, — \ 
over it, the wires came near. to each other. ©.» 


wat SE 


The moment that the communication was esteblislied 
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from the ends of the pile, by connecting the’ conductors 
with N and P, the gases were given off, and. rising to: 
the top, caused a depression of the water; but when. this 
came so far down as to leave the upper end of the wire 
P exposed, a spark passed from it to N, and caused the 
gases to enter into union, by which -thée tube again be- 
came full. wget 7 

In carrying on the decomposition of water, it is not ne- 
cessary that the wires be inserted into the same vessel ; 
different ones may be employed, provided they are con- 
nected by a moistened fibre, or cotton. Thus, if two ves- 
sels, A B, have the wires inserted into them, N at C, and 


P at D, a piece of cotton being put in at EF, the gases 
are disengaged, that from P being oxigen, and from N 
hydrogen. 3 

If, instead of connecting the vessels by cotton, a 
wire be used, there is the disengagement of gas, not only 
from N P, but also from the intermediate one, and, 
like the others, it has also its negative and positive ex- 
tremities. Thus, if N be inserted into A, and P into By 
and a wire, E F, be used as a means of communication, 
N will give off hydrogen, and P oxigen; but besides 
this, there is also oxigen coming off from E, and hydro- 


gen from F. 
In the experiments stated, gold or platinum’ wires 
must be employed, or, which answers equally well, copper 
ones, terminated by two or three inches of platinum. If: 
- copper be used, there is the disengagement: of only one. 
gas; and to prove this, we have merely to insert them: 
into the globular A, a gas is given off from N, and which, 
on the application of flame, will be found to burn slowly 
away, shewing it to be hydrogen. . The wire P, if exa. 
VOL. II, Bb 
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mined, will be seen covered with a brownish crust, which 
is oxid of copper. | 

In decomposing water by galvanism, the nearer the 
wires are to each other, but without being in contact, the 
greater is the evolution of gas, and the effect depends 
more on the number than the size of the plates. In this 
respect there is a difference from the action on metals. 
The larger the plates, the more brilliant is thé combus- 
tion of the leaf. The decomposition of the water de- 
pends also on its purity. If pure, it goes on slowly, but 
if it hold in solution any salt, as glauber or sea salt, it 
takes place much more rapidly. If the wires be brought 
into contact in the fluid, there is no decomposition, the 
galvanism passing on through the metal without inter- 
ruption. : | | 

In the first expetiments which were performed on the 
decomposition of water, it was uniformly found that a 
little acid was collected around the positive, and alkali 
around the negative wire ; which gave rise to numerous 
speculations with respect to the nature of the galvanic 
agent, and of the gases formed during the decomposi- 
tion. It was, however, proved by Davy, that in these 
gases the acid and alkali arose from impurities in the 
water, or from the action of the air; for he found, by 
carrying on the decomposition im vacuo, and in gold cups, 
that there was no other change than the formation of oxi- 
gen and hydrogen. ok yy 
Acids ate also easily decomposed by galvanism. If 
the wires from the battery be put into concentrated sul- 
phurie or phosphoric acid, the inflammable bases are col- 
lected around the negative one, while oxigen, the other 
ingredient, is set free'at the positive. — odpenl 

It has been already mentioned, when describing the 
properties of the fixed alkalies, that it was by the. 
aid of galvanism that Sir H. Davy proved their com~ 
pound nature, and discovered their metalloid bases. 
Hisinger and Berzelius, in a paper published in 1808, 
(Gehlen’s Journ. de Chem.) had shewn, that on subject- 
ing different substances to the action of galvanism, Oxi. 
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gen and acids had a tendency to arrange themselves 
around the positive wire, while inflammables and sali- 
fiable bases collected around the negative ; which was 
afterwards satisfactorily proved also by Davy. 

The consideration of these faets led to the opinion, 
that the affinities of bodies might depend on their elec- 
trical conditions, and consequently, that by changing 
these, their affinities might also be altered, and the in- 
gredients of which they are composed drawn asunder. 
In 1806, he was induced to try the action of galvanism 
on the alkalies, by which he not only discovered their 
composition, but happily confirmed the truth of his spe- 
culations with respect to the mode of action of this power- 
ful agent. (Ph. Ty.) 

In subjecting potassa to the galvanic influence, a sinall 
piece, made a conductor by exposure to air, so’ as to 
become moist, was placed: on a platinum cup connect- 
ed with the negative wire. 'The moment the communi. 
cation was completed, by touching it with the positive 
one, it began to fuse at the points of contact, at the same 
time there was a violent effervescence on the surface, 
and at those parts next the cup, minute globules, having 
a high metallic lustre, appeared, some of Which burned, 
while others became covered with a white crust. In his 
first attempts, he did not succeed in collecting the metal- 
lic matter, Owing to its being inflamed; but he after- 
wards discovered, that by carrying on the action under: 
the distilled oil of naphtha, the combustion was prevent- 
éd, and he was thus enabled to procure a sufficient quan- 
tity to ascertain sonie of its properties. He found that. 
the effervescence was occasioned by the disengagement 
of oxigen. ‘The metallic globules, when heated in air 
and in oxigen, were inflamed, oxigen was consumed, and 
potassa was generated. He therefore concluded, that he 
had succeeded in decomposing the alkali, and proved it’ 
to be a compound of oxigen and the metallic matter, to 
which he gave the name of potassium. 

Similar experiments were performed with soda, and the 
same results obtained, the soda disengaging oxigen, and 
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yielding a metallic matter, which was ath once inferred to 


be its base. | : 
We ‘cannot expose ammonia, in its pure visitas $6 


the action of galvanism ; we must therefore have re- 
course to one of its. salts, and it is necessary also to 
call in the aid of mercury. For this purpose, a ‘small 
piece of sal ammoniac, with a cavity in it, is placed on 
the platinum cup, and after pouring in a globule of mer- 
cury, and touching it with water, the communication is 
established, by which the mercury is instantly enlarged, 
its fluidity is gradually impaired, and it at last becomes 
of the consistence of butter. The amalgam, thus form- 
ed, has a metallic appearance, and effervesces when 
thrown into water, giving off hydrogen and ammonia. 
By mere exposure to air, ammonia is evolved, and it re- 
turns to the state of mercury. . 
Different conjectures have been thrown out concerning 
the nature of this substance. Berzelius and Davy sup- 
posed, that ammonia being analogous in its composition. 
to the fixed alkalies, may be a compound of oxigen and. 
a metallic base, which, by its union with different pro- 
portions of oxigen, generates hydrogen and nitrogen, 
the component parts of ammonia. The amalgam was 
therefore imagined to be a compound of the base and 
mercury ; consequently, when thrown into water, it was 
supposed that the oxigen united with the base, to form 
ammonia, while the hydrogen was set free; and again, 
on exposure to air, a similar change took place, oxigen 
being derived either from it or from the moisture. -Gay. 
Lussac and Thenard have, however, given a different: 
view of the subject. They have supposed that it is a 
compound of mercury, nitrogen, and hydrogen, the lat-. 
ter being in larger proportion than exists in ammonia ;. 
consequently, when thrown into water, the ammonia is 
dissolved, and the hydrogen set free. § (See Ammonia. ) 
It has been already mentioned, that when water, hold- 
ing a salt in solution, is subjected to galvanism, besides 
the evolution of ‘oxigen and hydrogen, an acid collects 
around the positive, and an alkali around the’ negative 
wire. ‘This decomposition of the neutral salts was first 
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observed by Cruickshanks, and afterwards by Hisinger and 
Berzelius; but we are indebted principally to Davy for the 
very important facts disclosed concerning the agency of gal- 
vanism on this class of substances. Generally speaking, 
the action is the same in all. The changes, therefore, 
that always occur, will be first mentioned, after which, 
those peculiar to any particular salt will be noticed. 

When the wires are introduced into a solution of a salt, 
suppose sulphate of soda, the first thing observed is the 
decomposition of the water; but on leaving them in for 
some time, the component parts of the salt itself are ac- 
tually drawn asunder ; and what is very remarkable, the 
acid and alkali are collected around the different wires. 
In every instance, the acid appears at the positive, and 
the alkali at the negative one. 

The action of galvanism on compound salts is easily 
shewn, and for this, no great size of battery is required. 
If a bent tube A, be filled with so- ~ 
lution of glauber salt, tinged blue 
by cabbage water, and the wires G 
introduced at P and N, the water is 
at first decomposed, as is shewn by 
the disengagement of gas, but the salt itself also very 
soon undergoes decomposition; the colour of the infu- 
sion in R becomes red, shewing that it contains acid, 
that of G becomes green, shewing that it has an alkali. 
So that the ingredients of the salt are separated, and 
collected around the wires in the opposite limbs of the 
tube, the acid being with the positive, the alkali with 
the negative one. 

In the above experiment, the decomposition is carried 
on in one vessel. It may, however, be effected though 
several be used ; but the results vary according as they 
are connected. If two or more syphons be employed, 
A B, and the adjoining 
limbs, be connected by 
moist cotton C, on the in- 
troduction of the wires N 
P, the decomposition com- 
mences; the infusion in R 
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becomes red, shewing that it contains acid; that in Gis 
green, shewing that it has alkali. The colour of the in- 
-termediate limbs is not altered. If, however, instead of 
cotton, a wire be used as the connecting medium, the in- 
fusion into which it is placed is also changed, so that 
there is alternately red, green, red, green, and this may 
be carried on in any number of tubes, the positive wire, 
and the corresponding ends of the connecting ones, al- 
ways collecting the acid around them; the negative 
wire, and the corresponding ends of the other, always 
-drawing towards them the alkali. 

The wires have not only the power of drawing the 
acid and alkali around them, they can actually cause 
them to migrate from one part of the apparatus to an- 
other. Thus, if the wires be removed from the tube 
A, and reversed, that is, P put into G, and N into R, 
the infusion will very soon change its appearance; that 
which was red will become green, and the other which 
was green will become red, shewing that the acid has 
passed from R to G, and the alkali from G to R, hay- 
ing crossed each other at A. 

If the other apparatus be employed, and the wires as 
before reversed, the same will happen, the two limbs 
which were red will become green, and those which were 
green will become red, so that the acid and alkali in each 
syphon must have crossed one another at the bending. 

In all of the above experiments, though the decompo- 
sition has been carried. on in different vessels, yet the 
acid and alkali have only taken different parts of the 
same; the decomposition may, however, be so conduct- 
ed as to cause a migration from one to another, -per- 
haps one of the most remarkable circumstances pointed 
out concerning the action of galvanism on the salts. 
Thus, if two tubes E F, with wires 
K L passing through them, be filled 
with the solution tinged blue, and a 
communication made between them 
by a piece of cotton C, the moment 
the wires P N from the battery are 


a 


GALVANISM. 391 


comected with the others, the decomposition commen- 
ces; the solution in F will become red, and that in E 
green; the whole of: the acid, therefore, from E, must 
have passed along the cotton into F, and the alkali from 
F must have gone into K. So that the ingredients are 
collected in separate vessels; and if the experiment be 
carried on sufficiently long, not the smallest particle of 
acid can be detected in KE, nor of alkali in F. 

In the experiment just mentioned, it is necessary to 
use a moistened fibre as the connecting medium, and that 
it is so, is proved by using wire instead of cotton ; there 
is no change whatever in the colour of the infusion, shew- 
ing that there is no migration. 

If, besides the two vessels, other intermediate ones be 
employed, the decomposition is effected, provided, of 
course, cotton or any other moist body be used to con- 
nect them. Thus, if between E and F a third tube be 
placed, all of them filled with the tinged solution, and a 
piece of cotton be carried from E to the intermediate 
one, and another from it to F, on attaching the wires, 
the decomposition begins, and if the experiment be con- 
tinued for some time, acid is collected in F, and alkali in 
E, but the colour of the intermediate tube is not chang- 
ed. In this instance, the whole of the acid from E must 
have passed through the intermediate tube into F, while 
the alkali from F must have gone through it into E; and 
hence it is that there is no change in the colour of the 
infusion, because the salt in E and F, undergoing decom- 
position at the same time, the acid from the one, and the 
alkali from the other, me¢t in it just in neutralising pro- 
_ portions. | | 

There is still another very remarkable circumstance to 
be noticed. ‘The wires of the battery not only cause the 
acid and alkali to migrate from one part to another ; but 
their powers of attraction are so strong, that they can 
cause them to pass through bodies apparently imper- 
meable to them. ‘Thus, if the bottom of the syphon A 
(p. 389.) be stuffed with cork, or with tow, so tight as 
to present a perfect barrier to the transmission of water, 


392 GALVANISM. 


and if a solution of salt be put in G, and blue cabbage 
water into R, on the introduction of the wires, the infu- 
sion’ will very soon become red, or if the solution be put 
into R, and the cabbage water into G, the latter will be- 
come green; so that, in this experinient, the acid or the 
alkali must have been drawn with such force, as to: pass 
through a substance which, before it was subjected to 
the galvanic influence, it could not permeate. — 

' What has been said of the alkaline, applies also to Sif 
batty and metallic salts, all of these, when subjected to 
the galvanic influence, being decomposed, the acid being 
collected at the positive, and the base at the negative 
wire. The same migration of the ingredients ‘may also 
be occasioned, the acid and base being easily driven from 
‘one vessel to another. 

Though the action of galvanism on compound salts is, 
in ceed the same in all, yet the phenomena vary ac- 
cording to the nature of the substance employed, de- 
pending, in a great measure, on the solubility or insolu- 
bility of the ingredients, and their powers of affinity for 
other bodies. If, for instance, three — A BC 
tubes, A B C, be employed, A being i mis 
filled with a solution of sulphate of — 
soda, and B C with cabbage infusion, 
after connecting them by cotton, ssid adjusting the 
wires, the decomposition commences, the acid will pass 
from A through B into C, while the alkali will remain 
in A. If, however, instead of water, ,a solution of ba- 
ryta be put into B, the acid, during its passage through 
it, unites with the earth, and as it forms an insoluble 
compound, it falls to the bottom, and being thus with- 
drawn from the sphere of action, is retained there, so 
that it does not pass on toC. ‘This, however, is the case 
only when the compound formed is insoluble; if a base 
be employed, with which the acid will form a soluble 
salt, it is not retained by it. Thus, on using ammonia 
instead of baryta, the acid flows on to C, as when pure 
‘water is used. 

«If, instead of a salt, both of the ieaunoal of: hich 
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are soluble, we employ one, the base of which is insolu- 
ble, or nearly so, it is stopped in its passage through 
B. Thus, let. solution of sulphate of magnesia be 
put into C, the acid is retained init, while the mag- 
nesia flows along the cotton to B, but falling to the bot- 
tom, gets out of the sphere of action, and remains there. 
If a metallic salt be employed, the phenomena are still 
more remarkable. Thus, if solution of nitrate of silver 
be put into C, the acid remains in it, while the oxid 
flows along the cotton; but as its ingredients are easily 
separated, it is decomposed, the oxigen is attracted by 
the positive wire, while the silver is deposited in its me- 
tallic state, and gives the cotton a resplendent surface. 

It is remarkable also, that when the salts are under 
the influence of galvanism, their ingredients are, to a cer- 
tain extent, deprived of some of their properties. Thus, 
if a saline solution be put into A, and cabbage infusion 
into B and C, the acid, as it passes through B into C, 
does not change the colour of the former; or if the al- 
kali be made to migrate by putting the solution into C, 
on flowing through B, it does not make the infusion 
green; the change of colour is not effected till they reach 
their places of destination. 

The phenomena may be still farther varied ; we may 
have the appearance of acid or base as we choose. Thus, 
if the syphon tube A, (p.389.) be filled with saline solution 
tinged blue, and the positive wire be put into R, but in- 
stead of the negative into G, a piece of moist cotton be 
employed, the decomposition is slowly accomplished, but 
the colour of the positive limb only is changed. If, on 
the contrary, the negative wire be put into G, and the 
cotton into R, the infusion in the former will become 
green; but there is no change in the latter. A circum- 
stance still more remarkable has also been noticed. — If, 
instead of cotton, our own body be used as the connect- 
ing mediunt, placing the finger of one hand into the tube, 
and that of the other into the fluid in the battery, acid 
or alkali will shew itself, according to the wire we em- 
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ploy; if the positive, the limb R becomes red, if the ne- 
gative, G becomes green. 

The preceding remarks apply to the action ind elvid 
nism on soluble salts. The same changes, however, may, 
by particular management, be produced on insoluble 
compounds; for even these cannot withstand its power 
of effecting decomposition. Sulphate of baryta, sulphate 
of strontia, and others, when made a part of the circuit, 
give off their acid to the positive, and their base to im 
negative wire. 

The more compound bodies, as rocks, ala yield their 
ingredients to them. Thus, bazalt and. zeolite are easily 
demmeeete- a and the alkali they contain collected around 
the negative wire. Animal and vegetable substances 
also, when subjected to its influence, are deprived of 
their acids and bases; and. what seems very strange, 
without having their vitality destroyed. 

From what has now been said, it may be laid down as 
a general law, that oxigen, chlorine, iodine, and acids, 
are drawn towards the positive, hydrogen, inflammables, 
alkahes, earths, and metallic oxids, around the brane 
wire. 2 

Having ciated the different facts concerning seal 
vanism, we have now to notice the opinions entertained 
with respect to its nature and development, and the 
manner in which it acts so as to produce the changes 
mentioned. 

It has been already stated, that it is gedérall aids 
mitted that galvanism and electricity are one and the 
same agent; and that they are so, is evident from their 
effects. They both cause contraction of the animal 
fibre. In passing from one object to another, both emit 
light and heat. Conductors of electricity are conduc- 
tors of galvanism, while those which do not conduct the , 
one, are non-conductors of the other. In the pile or 
trough, the opposite ends are in different states, corre- 
sponding to the positive and negative conductors (of an 


electric machine, and by a battery a Leyden jar may be 
charged. 
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‘Dr Wollaston has also shewn, that by immersing wires 
‘from the conductors of a machine into a solution of sul- 
\phate of copper, a precipitate was collected around the 
negative pole, and on reversing the current of electricity, 
‘that is, making the negative wire positive, and the posi- 
‘tive negative, the precipitate was re-dissolved, and after- 
-wards appeared round the other wire. For the success 
of this experiment the wires must be coated with wax, 
-except at the point ; ; or, which answers still better, they 
“may be included in glass tubes, but so as to leave the 
‘extremities projecting. When, also, wires thus armed 
“were put into pure water, and a succession of sparks 
transmitted through it, a current of gas Binse: owing to 
the decomposition of the fluid. 

Sir H. Davy, by a similar adjustment, obtained ana- 
-logous results. On passing electric sparks from the 
_wires, through solution of sulphate of potassa, the whole 
of the acid in the course of time collected around the po- 
sitive, and the whole of the alkali around the negative 
one. 

Allowing that electricity and galvanism are the same, 

a question naturally arises, How does it happen that they 
act so differently ? In answer to this, it is supposed, that 
as given out by a common machine, or by a battery, it 
differs with respect to intensity and quantity. It is sup- 
posed, that when evolved by the former, it is in a state of 
igh intensity, but in no great quantity, whereas, when 
given out by the latter, the quantity is great, but the 
intensity low. 

As the intensity of the electricity from the machine is 
great, its velocity is supposed also to be more rapid ; and 
hence it is that it passes more easily through air, and 
other non-conductors, which, when excited by galvanic 
arrangements, it cannot traverse. It is in this Way, also, 
that it is supposed we may account for the difference in 
the effects produced, by the increase of the electricity, 
when excited by these means. Thus, if a certain quan- 
tity from a battery ignite an inch of wire, double the 
quantity will ignite double the length, and the igni- 
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tion can be kept up for some time; but by increasing that 
from a machine in the same ratio, a much greater length 
of wire is made incandescent, and the effect is quickly 
over. 

With respect to the means by which electricity is 
evolved in galvanic arrangements, two opinions have been 
entertained ; the one suggested by Volta, the other de- 
duced from the researches of Fabroni. 

Volta maintained, that in the pile, electricity is Bite 
gaged by the mere contact of the metals; the electric 
equilibrium being disturbed, one gained, while the other 
lost it, the former shewing positive, the latter negative 
signs. 

He was induced to hold this opinion, from the fact 
which he had previously ascertained, that if two pieces 
of different metals, zinc and silver, insulated by being 
fixed to glass rods, be brought into contact, and then se- 
parated, the former becomes positively, and the latter 
negatively electrified. He afterwards proved, that other 
metals possessed the same property, though in different 
degrees. Other bodies also, as charcoal and plumbago, 
have shewn similar powers, and Davy has proved, that if 
a dry earth, and a dry acid, be brought into contact, and 
then separated, the former is in the positive, and the lat- 
ter in the negative condition. 

So far these facts agree with the explanation given 
«by Volta, of the excitation of electricity in galvanic 
arrangements, the fluids between each pair of plates 
acting merely as conductors. Thus, suppose the first 
pair of plates composed of copper and zinc, (See Battery, 
p: 377.) the latter robs the other of part of its electricity, 
which it immediately communicates to the fluid, which 
in its turn conveys it to the next plate of copper, and so 
on through the whole series, and hence it is, that the 
copper end is negative, and the zine positive. 

It is from this idea, also, that he has called the imetélls 
electro-motors, and the action electro-motion, a term meed 
by Sir H. Davy. | | 

Volta allows, that there is a great difference in the 
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power of the pile, according to the nature of the fluid, 
but this, he asserts, is owing to their conducting dif- 
ferently. Water conducts slowly, saline solutions more 
powerfully, but the best conductors are the acids ; and 
hence it is, according to him, that when they are em- 
ployed, the galvanic action is most energetic. The 
variety in the power of the different metals in exciting 
galvanism, he supposes, is owing to the ease with which 
one takes it from another, being in some cases greater 
than in others. Thus, zinc acquires it from all the rest, 
while gold yields it to any other, so that, were the bat- 
tery constructed of these, it would, ceteris paribus, be 
more powerful than when made of any others. 

The other explanation ascribes the excitation of elec- 
tricity to the chemical action between the fluid and the me- 
tals, by which they probably suffer a diminution in capa- 
city. Thus, suppose the trough consisting of diluted 
acid, with a plate of zinc and of copper on each side of 
it, the fluid in the first compartment acts on the zine, 
communicating oxigen to it, by which electricity is 
evolved, and the metal thus becomes negative. ‘The 
electricity taken from it, passes through the fluid to the 
next plate, which is copper, and on which there is little 
or no chemical action to excite electricity, so that it mere- 
ly receives from the fluid, that taken from the first, and 
instantly communicates it to the piece on its opposite 
side. ‘The same is supposed to go on in each succeeding 
compartment; the quantity of electricity, therefore, in- 
creases as it proceeds through the series of plates, so that 
the last must have accumulated in it all that taken 
from the others, and hence it is, that it is in a highly po- 
sitive condition, while the opposite end is proportionally 
negative ; the greater the number of pairs, therefore, the 
greater the difference between the different extremities. 
(See Wollaston’s Papers, Ph. Tr. 1801.) 

Though the explanation of Volta at first sight seems 
plausible, yet it does not stand the test of experiment. 
* It has been proved by Davy and others, that the greater 
the chemical action, the more powerful is the galva- 
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nism; hence, if a diluted acid, as sulphuric, be used; 

by which the action is more violent than when cons 
centrated, the battery is in more powerful action. 
Now, according to Volta, the reverse should be ex- 
pected, because strong acids are better conductors 
than weak ones. Besides, as the action proceeds, by 
which it is gradually becoming weaker and weaker, 
the galvanism also becomes more and more feeble, till it 
at last entirely ceases. It has also been proved by the 
most satisfactory experiments, that when a trough filled 
with pure water is kept 4 in vacuo, there is no galvanic ace 
tion; while in oxigen it is more powerful than in air, 
and in hydrogen or voarburcuted hydrogen it also ceases. 
All of these facts not only militate against the theory of 
Volta, but clearly shew a connexion between the excita- 
tion of the electricity and the chemical action; at the 
same time, however, it must be admitted, that they do 
not prove that it is the sole, or even the primary cause 
in its evolution. This has induced Davy to maintain, 
that both the contact of the metals and the chemical ac- 
tion are concerned, the electricity being first evolved by 
the former, and its supply kept up indirectly by the latter, 
by its restoring the electric equilibrium. Thus, when 
the plates of zinc and copper are put together, each of: 
the former becomes positive, and of the latter negative, 
and the fluid acting as a conductor, the whole of the 
evolved electricity is accumulated at the positive end, 
while the opposite one is in a corresponding negative 
condition ; but to keep up the supply, the metals must be 
again brought to their former state, and this he‘conceives 
is accomplished by the chemical action, for the electro- 
negatives of the fluid in each compartment, such as the 
oxigen and acid, pass to: the zinc, and the électro-posi- 
tives, as the hydrogen and bases, to the copper, by which, 
each regains what it had lost ; but this is no sooner effect-) 
ed, than the equilibrium is again disturbed, because the 
contact is continued, electricity is evolved by each pair,’ 
and, as before, conveyed by the fluid to the positive pole. 

‘Fhe more powerful the action, therefore, the moré quick.’ 
ly the metals regain their original conditions, and hence 
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it is, that the effects are to a certain extent in proportion 
to it. 

- Taking it for granted, that the chemical action is the 
sole cause of the disengagement of electricity, Dr Bos- 
tock has endeavoured to explain the mode of action, and 
account for its transfer from one end of the battery to the 
other. . He supposes that the electric fluid has an attrac- 
tion for hydrogen, that as the acid acts on the first plate 
of zine, oxigen is given off, and electricity disengaged, 
which, combining with the hydrogen also set free at the 
same time, is carried to the next plate, the copper, by 
which they are separated ; the copper seizing the electri- 
city, disengages the hydrogen, which flies off in the state 
of gas. ‘The same action goes on in the second. com- 
partment, with this difference, that the electricity given 
out by the second zine plate is greater, by the quantity 
which it received from the first; that from the third 
gives out its own, and that got from the preceding pairs, 
so that, as already mentioned, all the electricities are ac- 
cumulated in the last piece ; consequently the greater the 
series, the greater the difference between the opposite 
ends, and of course the effects more powerful. 

With respect to the manner in which galvanism acts 
in effecting decomposition, and causing the evolution of 
different bodies at the different wires, it has been al- 
ready mentioned, that substances, by mere contact, as- 
sumed opposite electric conditions; and it has been proved 
by the experiments of Davy and others, that by touch- 
ing metals with substances which have a tendency. to 
enter into union, they acquired different states of electri- 
city, according to the nature of the substance with which 
they were brought in contact. Acids communicated. to 
the metal a positive, and bases a negative condition, by 
which, of course, the acids themselves became negative,’ 
and the base positive. Other bodies, it was found, acted 
in the same way ; thus oxigen is itself a negative, and hy- 
drogen and other inflammables a positive. From. this 
it is evident, that substances may be divided into two 
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classes, electro-positives and electro-negatives, and as 
these are constantly subject to the laws of electric attrac- 
tion and repulsion, they must, when united, and then 
brought under the influence of electrified objects, be se-. 
parated, and occupy different situations, according to 


their electric condition. Electro-positives will be repel- . 


led by positive, and attracted by negative bodies, while. 
electro-negatives will be repelled by negatives, and. at- 
tracted by positive ones, and hence, when subjected to. 
the galvanic action, the former will colléct around the 
negative, and the latter around the positive wires. 

We can thus easily account for the changes produced: 
by the agency of galvanism. Thus, in the examples. 


given, water containing oxigen an electro-negative, and. 


hydrogen an electro-positive, when subjected to it, has 
its ingredients separated, the oxigen is repelled by,the 
negative, and attracted by the positive wire, while, on 
the other hand, the hydrogen is repelled by the positive, 
but attracted by the negative; the former is therefore 
given off from the positive, and the latter from the ne- 
gative wire. In the case of saline solutions, the acids 
are electro-negatives, and the bases electro-positives, con- 
sequently the former appear at the positive, and the lat- 
ter at the negative pole. ‘ 
By subjecting compounds to the action of powerful 
galvanic arrangements, it has thus been ascertained to 
which of the wires their ingredients are drawn, and thus, 
also, the class to which they belong has been discovered. 
From the experiments which have been performed, it has 
been observed, that all bodies which have a chemical at- 
traction for each other have different electric conditions. 


Here, however, a question naturally arises. How does 


it happen that bodies of the same class combine? It is 
well known that sulphur, carbon, phosphorus, unite with 
metals, and’eyven metals with one another, though they all 
belong to the same class. To this, however, a satisfac- 
tory answer can be given. ‘Though all objects may be 
divided into two classes, yet those in the same class are, 
to a certain extent, in opposite conditions when compar- 
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ed with each other. Thus, in the following table of 
electro-positives, each body would give electricity to any 
one below it; they must therefore be in opposite states 
with respect to each other, 
silver, — 
copper, 
iron, 
lead, 
zine. 

It is from this circumstance that Davy has actually 
thrown out the conjecture, that electric and chemical at- 
traction may depend on the same primary cause. “ Elec- 
trical effects,” he says, “ are exhibited by the same 
bodies when acting as masses, which produce chemical 
phenomena when acting by their particles. It is not, 
therefore, improbable, that the primary cause of’ both 
may be the same, and that the same arrangements of 
matter, or the same attractive powers which place bodies 
in the relation of positive and negative, 7. e. which render 
them attractive of each other electrically, and capable of 
communicating attractive powers to other matter, may 
likewise render their particles attractive, and enable them 
to combine when they have full freedom of motion.” 

It has been already mentioned, that the effects produced 
by galvanic batteries differ materially according to the 
number and size of the plates; a different law, however, 
is followed in each case. The ignition and fusion of metals 
depend on their size; the larger the plates, the greater 
is the length of wire ignited. Thus, if a pair of a foot 
square be used, the effect is considerable; but if these be 
cut so as to make plates of only 3 square inches, and 
constructed into a battery, the action on the wire will be 
trifling. On the contrary, the power of decomposing 
depends on the number; the plates, when of a square 
foot, produce but: little effect, while a battery made of 
these cut into smaller pieces, easily decomposes water 
_ and compound salts. | 

This is supposed to be owing to a difference in the 
intensity and quantity of the galvanism. Thus, in a 
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battery with a number of plates, it has to pass through 
a great many portions of fluid whith are not. good ‘Con- 
ductors; its velocity is therefore retarded, it becomes ac- 
cumulated, and consequently its intensity increased. 
When applied to water or saline solutions, it meets with 
the same resistance, and 1s in a great measure retained, 
and is thus supposed to act more powerfully in decom- 
posing them. In a battery of a few large plates, on the 
contrary, it has to pass through few portions of fluid, 
and is therefore more quickly transmitted. ‘The wire 
also which is subjected to its influence is itself a good 
conductor, and conveys it with rapidity. Unless, there- 
fore, a large supply is afforded, the ignition will not take 
place; ignition and fusion, then, depend not so much 
on the intensity as on the quantity. 

It is evident that some law must exist with regard to 
the relation that number and size bear to each other. 
According to Davy, the power of producing decomposi- 
tion increases very nearly as the squares of the number 3 
that of ignition seems to augment even in a greater ratio, 
for 20 plates, each two square feet, did not ignite 1-16th as 
much wire as the same number having each eight square 
feet, the acid being of the same strength in both. 

After what has been already said with respect to the 
decomposing powers of galvanism, it is unnecessary to 
make any remarks with regard to its utility in this point 
of view. It is evident that a valuable means of analysis 
has been placed within our reach, and one which seems 
capable of overcoming the most powerful attractions. 
Galvanism has been employed in the cure of diseases, as 
palsy, rheumatism, deafness, involuntary contraction of 
the muscles, asthma, and some others, and it has been 
recommended in cases of suspended animation. The me- 
thod of applying it is very simple. The part to be 
subjected to its influence is wetted with a solution of 
salt, or with very much diluted muriatic acid, and hay- 
ing tied a ball to each wire, they are to be applied at the 
same time to the moistened skin, the person holding 
them having on gloves, to prevent the transmission of the 


GALVANISM. 403 


electricity through his body. In many respects galva- 
nism is preferable to electricity. ‘The apparatus is less 
liable to injury; besides, we are altogether independent of 
the state of the weather, which is often a bar to the use 
of an electric machine. 

Some interesting experiments have been lately perform- 
ed, with the view of ascertaining the eff€cts of galvanism 
in calculous complaints: Urinary calculi are various in 
their composition. One kind is composed almost entire- 
ly of a peculiar acid called uric, while others contain the 
acids and earths which usually exist in urine, such as 
phosphate of lime, phosphate of magnesia and,ammonia, 
and oxalate of lime, and it is on these last that the trials 
have been made. | 

Prevost and Dumas (An. de Ch. xxiii.) found, that 
when a phosphate of magnesia and ammonia calculus was 
subjected to the action of a galvanic trough, its ingre- 
dients were separated, but again united, and fell to the 
bottom of the vessel in the state of powder ; and by con- 
tinuing the experiment for some time, the calculus be- 
came so soft that it vas easily broken. Though these 
effects were produced, it naturally occurred, that its in- 
fluence on the bladder would be too powerful to admit 
its application to a calculus in it; but in this they were 
agreeably disappointed, the wires from 150 pair of plates, 
when introduced through a canula into the bladder of a 
dog, previously distended with water, not occasioning 
the slightest apparent uneasiness; and on applying the 
wires to a calculus, it was found, after repeated trials, 
to be so acted on that it was easily broken. 

Though galvanism has thus proved of infinite service, 
yet it is detrimental in many operations. 

When, for instance, a metal is put into a solution of a 
salt, there may be no action; but if there be two metals, 
and in contact, an action may take place, by which one 
or both may be destroyed. This circumstance was no- 
ticed by Fabroni so early as the year 1799, and which 
he ascribed to a galvanic action produced by the metals. 
The influence of metals in decomposing salts, may be 
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illustrated by a very simple experiment. Thus, if a 
plate of silver be put into a solution of sulphate of cop- 
per, there is no change; but if, along with it, and in con- 
tact with it, there is also a plate of iron, the salt is in- 
stantly decomposed, and the copper is deposited on the 
silver. [he inconvenience arising from galvanism is 
principally of this kind. The bolts that secured copper 
to the bottom of ships were formerly made of iron, which, 
being in contact, and in a solution of salt, excited gal- 
vanism, so that they were soon destroyed, the iron be- 
ing the metal most easily acted on. When, then, pieces 
of metal are to be immersed in a saline solution, the same 
kind ought to be employed, that there may be no gal- 
vanic action, by which one or both may be affected. Ac- 
cordingly, in the instance alluded to, copper bolts are 
now used. : 

Though galvanism has thus been a source of great in- 
convenience, yet the very principle on which it proves 
destructive, has pointed out a means of protecting valu- 
able metal from being destroyed by fluids in which it is 
immersed. ~ | | 

When, for instance, a ship is copper-bottomed, there 
is a gradual action on the copper, so that a little of it is 
corroded, and its surface becomes covered with a green- 
ish crust, and at the same time, small shell-fish and weeds 
adhere to it, which, by increasing the friction of the 
water on the vessel, impede its’progress, It occurred. to 
Sir H. Davy, that as the erosion depended on the union 
of the copper with oxigen, and then with acid, to prevent 
it, all that was necessary was to keep the metal from be- 
ing oxidized, and this, he conceived, would be accom- 
plished, by bringing it and the oxigen to the same elec- 
tric state. Oxigen is an electro-negative, copper an elec- 
tro-positive; but by bringing it in contact with zinc or 
iron, it becomes negative, and in this state will not, of 
course, unite with oxigen, which belongs to the same class; 
so that, though placed in a saline solution, it is not acted 
on by the acids, because, before it can combine with. it, 
it must be oxidized. On a small scale, he found, that 
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copper, with a piece of zinc soldered on it, did not suffer 
any change, when kept in a jar of sea water; and by 
putting on pieces of ‘the same metal on the copper 
sheathing of ships, after long voyages, they returned 
with the copper very little corroded. Though copper 
can thus be protected, there is a danger of earthy matter 
being deposited on it, from the decomposition of the 
earthy salts in the water, and affording a surface for 
the adhesion of shells and weeds. This, however, does 
not seem to be the case, when the protectors are of the 
proper size, and when the vessel is in motion. If lying 
in harbour, the copper is apt to be covered with them, 
but these are easily removed before going to sea. With 
respect to the proportion of the protecting metal, it de- 
pends, in a great measure, on the size of the vessel, and 
the velocity with which i moves. In the navy, about 
1-250th of iron or zinc has been used. This is perhaps 
less than is absolutely necessary for the protection of the 
copper 5 ; but this is not of so much consequence as keep- 
ing the bottom clean, and which is secured by having 
the protector small. In other vessels, about 1-150th and 
even 1-100th has been used, and which is perhaps, in 
the generality of cases, about the requisite quantity. 

The protector may be either soldered to the outside of 
the copper, or nails of iron or zinc may be driven into 
the sides of the vessel, and the copper then put on above 
these, taking care that it is in contact with them. In steam 
vessels, the protectors may be large, because, owing to 
the quickness with which they move, there is no chance 
of adhesion of weeds and shell fish, and the wear of cop- 
per is thus diminished at least two-thirds, (Ph. Tr. 1824, 
1825.) 

On the same principle, iron instruments are prevented 
from being rusted, by putting small pieces of zinc on 
them, which, by bringing them to an electro-negative 
state, prevents the iron from uniting with oxigen, and 
then with carbonic acid. 

The influence of protectors is beautifully illustrated 
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by the immersion of sheets of copper in a solution of salt. 
For this purpose, having prepared a strong solution f 
sea salt, filltwo jars with it, and place into one a plate 
of copper, and into the other, another similar, but on 
which there is soldered a piece of zinc, of about 1-100th 
of its size. In the course of a few days, a powder will 
be precipitated in both, which is white in the latter, but 
‘ green in the former. ‘The first is the earthy matter ex- 
isting in the sea salt, along with oxid of zinc; the other 
is the same earthy substance, but with oxid of copper, or 
probably oxid in union with acid, derived from the salt 
decomposed. Now, in this instance, though there is in 
both decomposition, yet in the protected metal there is 
no erosion of the copper; for by the attachment of the 
zinc, the copper has acquired an electro-positive condi- 
tion, and is therefore prevented from being attacked by 
the acids set free by the galvanic action. 


For a full account of the modes of exciting galvanism, 
and its agency in affecting decomposition, in addition to 
the works already quoted, the reader is referred to Davy’s 
Elem. of Chem. Phil.; Cuthbertson’s Practical Electri- 
city ; Singer on Galvanism ; Bostock on Galvanism. 


ELEectTro-MAGNETISM. 


M. Oersted, professor of natural philosophy at Copen- 
hagen, who had been previously engaged in an experi- 
mental inquiry into the nature of chemical, electrical, 
and magnetic forces, discovered in 1819, that the elec- 
tricity of a galvanic battery had peculiar effects on mag- 
netic needles, which induced him to prosecute the sub-— 
ject still farther, by which he has been enabled to esta- 
blish an intimate connexion between electricity and mag- 
netism, and has thus given rise to what is now called 
electro-magneétism. 

Oersted found, that if a needle be suspended so as to 
be left to take its natural direction, and the connecting 
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wire of a battery * be placed above it, and in the same 
parallel line, the pole next the negative end moves to the 
west. If the wire be sunk, so as to come in the same 
horizontal plane with the magnet, the latter does not 
turn as before ; it attempts to move vertically, but is, in 
a great measure, ‘prevented by the manner in which it is 
suspended, and by the eartlis counteracting magnetic 
power, the inclination varying according to the relative 
position; the pole next which the negative electricity 
enters the wire, is depressed when the wire is on the west, 
and elevated when on the east side. If the wire be car- 
ried still farther down, so as to bring it below the needle, 
the pole next the negative end of the trough meves in a 
contrary directiop ; it is propelled to the cast. 

For recollecting these movements, Oersted has given 
the following formula: “ The pole above which the ne- 
gative electricity enters, is turned to the west; wnder 
which to the east.” 

If n be the needle, w the wire, and W, E west and east, 
they may also be represented thus, 

~w iw" _f 
> n Ww 

These experiments prove that the electricity of the 
battery inclines the needle to move in a circle, which it 
would do but for its imperfect suspension, and for the 
earth, the magnetism of which tends to restore it to its 
original position, the moment it begins to turn. If, how- 
ever, these interfering circumstances be removed, as 
when the needle is suspended, so as to allow free motion 
in all directions, and the earth’s magnetism is counter- 
acted by another needle, the movements become more 
distinct ; and that there is this tendency to move as de- 
scribed, may be shewn by a particular adjustment of the 
apparatus. When, for instance, the connecting wire is 
brought near the centre of a properly suspended needle, 
ROGET CRs Pe ee eteeMe ne PPS. 


* By the connecting or uniting wire, is here meant one passing from the ne- 
gative to the positive end of a trough 
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the latter, provided a battery of sufficient strength be 
used, instantly moves, and places itself at right angles to 
it, the poles being invariably in a certain position, ac- 
cording to that of the battery; and in this relative situa- 
tion it continues, though the wire be moved round its 
centre, or it round the wire. Thus, if the positive end 
of a trough, placed before us, be on the right hand, and 
the negative on the left, a needle suspended over the 
uniting wire, will move till its north pole is from us 3 
but if wnder the wire, the north pole is towards us. If the 
wire be drawn from the centre towards either end of the 
needle, the latter is instantly attracted, so that the for- 
mer has the power of attracting both poles; and if, 
while in this position, the needle be turned, so as to 
bring near the wire the pole formerly at a distance, it is 
immediately repelled, and this occurs whether the north 
or south pole be approached ; so that that part of the 
wire which originally attracted, now repels. “If the wire, 
after having attracted the needle, be moved round the 
end, to the opposite side, the same point being always . 
towards it, its attractive force increases till it comes to 
the extremity, but ceases when opposed to it; the mo- 
ment, however, that it gets to the other side, it begins to 
repel, the repulsion becoming more and more powerful 
as it is moved along it, till it is brought to the end. 
These experiments still farther prove the effect of the 
battery over a needle, and that any part of its connect- 
ing wire may be made attractive or repulsive of either 
pole, by mere change of position. It has been found, 
that the power of the trough, ‘in producing these effects, 
does not depend on the nature of the metal of which the’ 
connecting wire is composed, a tube of mercury acting 
equally as well as any other metal ; and the magnetic in- 
fluence, it has been shewn, extends through different’ 
substances, as glass, in the same way as common magne-. 
tism. If, instead of a magnetic needle, one of brass, or 
a glass rod, or a stick of gum lac, be used, it is not in 
the slightest degree affected, (See Oersted’s paper, An. 
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of Ph. xvi. and Historical Sketch of Electro-Magnetism, 
N. S. ii.) | ; ae 

M. Ampere has also shewn, that the battery itself has 
thé same power over needles that the uniting wire has, 
provided the communication between the opposite poles 
be kept up; the moment, however, that it is broken, the 
effect ceases, which led to the supposition, that there are 
currents of electricity through the battery, but in oppo- 
site directions to that along the wire ; and hence also the 
use of a needle, recommended by him as a galvanometer, 
or instrument for indicating the direction of the electric 
current, and the power of a trough for exhibiting electro- 
magnetic phenomena, (An. de Ch. et de Ph. xv.) the 
power being according to the declination, and the direc- 
tion of the current ascertained by the position of the 
needle, which has its north pole always to the left of the 
current by which it is affected. 

Another very important circumstance, noticed by Am- 
pere, was the attraction and repulsion of wires connect- 
ing the opposite ends of a battery. When, for instance, 
two wires were suspended between the opposite poles, if 
the electric current passing along them is in the same di- 
rection, in other words, if they are similarly situated with 
regard to the trough, they attract each other; but if the 
current is in opposite directions, that is, if they be con- 
nected, the one with the one, and the other with the 
other pole, they repel each other. Between these and 
common electric attractions and repulsions, there is a re- 
markable difference; in fact, they are directly opposed: 
to each other, for bodies similarly electrified repel, those 
electrified at opposite poles attract one another, while sub- 
stances under the influence of electric currents attract, 
when the currents are in the same, and repel when they 
are in opposite directions. For exhibiting electro-magne- 
tic phenomena, also, the circuit must be complete, whereas, 
for the production of common electrical effects, it must be 
broken. 

The discovery of these important facts naturally led 
to the idea, that the battery, in other words, that clec- 
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tricity has the power of communicating magnetic proper- 
ties; and that this is really the case, has been confirmed 
by the experiments of Davy and of Arrago, both of 
whom succeeded, nearly about the same time, in shewing 
the magnetic influence of the connecting wire itself, and 
the power it possessed of communicating magnetism to 
needles. They have shewn, (Arrago, An. de Ch. xv. 
Davy, Ph. Tr. 1821.) that when dipped into iron filings, 
it attracts them as long as the connexion is kept up, but 
when broken at either pole, it ceases to do so, the filings 
almost instantly dropping off; with brass or copper fil- 
ings, there was no attraction. 

- Though in these cases the magnetism ceased when 
the communication with the trough was discontinued, 
they succeeded, though by different means, in giving per- 
manent magnetic properties to needles. Davy found, 
that when iron bars were suspended near the connect- — 
ing wire, some in the same parallel line, others at right 
angles to it, they all became magnetic; the moment, 
however, that the former were removed, the magnetic 
property ceased, but it was permanent in the latter, and 
the needles thus magnetised, had opposite poles, those 
placed below the wire, the positive end of the trough 
being east, having the north pole to the south of the wire, 
while those above had their poles in the reverse direc- 
tion. 

The method followed by Arrago in magnetising 
needles, suggested by Ampere, consisted in placing them 
in a helia of wire attached to, or rather forming part of, 
the connecting one, by which the magnetic property was 
more quickly communicated. And in this case, as in the 
experiments of Davy, the position of the poles varied ac-— 
cording to circumstances. When the helix was so form- 
ed, that the convolutions were from right to left, above 
its axis, the end of the needle towards the negative one 
of the trough, pointed to the north, but with a helix, the 
turns being from /eft to right, the same end pointed to 
the south. 

The magnetising power of the electricity of an electric 
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machine has also been proved by Davy, who succeeded 
in forming needles, by placing bars of steel across the 
wire through which the charge was transmitted, and the 
effect was produced though a space of several inches in- 
tervened; and even though vessels with water, or plates 
of metal or glass, were interposed. 

Though, from what has been said, it may appear that 
the effects of the connecting wire of a battery over a 
magnet, are occasioned by an attraction or repulsion ex- 
isting between them, Mr Faraday has proved, that they 
depend on a tendency which they have to revolve round 
each other.. According to him, the centre of magnetic 
action, or true pole of a needle, is not at its extremity, 
but in its axis at a little distance from it ; and this point 
‘has a tendency to move round the wire, and the wire 
round the point ; and as the same effects, but in an oppo- 
site direction, are produced by the other pole, he sup- 
poses that each has the power of acting on the wire by 
itself, and accordingly the attractions and repulsions are 
merely parts of the revolving motion. 

For exhibiting these rotatory movements, he has con- 
trived different very ingenious sets of apparatus, the sim- 
plest of which is that in the annexed cut. It consists of 
a glass tube, into the open ends of which there are placed 
corks, A B; a magnet C,'is passed through B, e 
and into the tube a little mercury G, is pour- | A 
ed, so as to leave the upper end of the mag- {__J 
net exposed. Through the cork A, there wrest 
is passed a wire D, with a hook at its lower 
extremity, from which there is suspended a cop- ‘ 
per wire E, amalgamated at both ends, to give 
more perfect contact, and the lower one dipping 
into the fluid beneath. When this apparatus 
is made part of the chain of communication of 
a galvanic trough, by connecting the magnet 
with one end, and the wire D with the other, 
the copper wire E instantly begins to move 
round the magnetic pole, and continues to do B 
so as long as the communication is kept up, cU 


G2 


412 ELECTRO-MAGNETISM. 


On reversing the pole of the magnet, the wire continues 
to move, but in the opposite direction. Suppose a watch 
dial on the surface of the cork A, and the north pole of 
the magnet in the tube, the wire, when its negative end is 
in the fluid, moves in the same direction as the handles, 
but if the positive extremity be in it, it goes in the op- 
posite direction. When, on the contrary, the south pole 
is in the tube, the negative end of the wire, being nextit, 
moves in the reverse direction to the handles, but the po- 
sitvve being next it, it goes in the same direction with 
them. 

If, instead of keeping the magnet fixed, and the wire - 
moveable, the latter be fixed, and the former moveable, 
on establishing the communication, the magnet begins to 
move, and continues to do so as long as it is kept up, 
the direction of the movement being the same as that of 
the wire. 

These movements are beautifully illustrated by an ap- 
paratus, the contrivance also of Mr Faraday. It con- 
sists of a pillar A, supporting a wire bent at B and C, 
at right angles, the limb C being prolonged till it dips 
into a glass with mercury E, through Bea TS 
the bottom of which there passes a i 
metallic rod, having a magnet F 
fixed. to it by a chain, so as to allow 
free motion, its upper extremity 
being above the surface of the mer- . 
cury. The limb B of the cross wire 
has, immmediately after it is bent, H/' 
another smaller one G, suspended 
from it by a chain, or ball and xk. 
socket joint, so as also to move free- ———— 
ly, its lower extremity dipping into wll ‘ 
mercury, in the cup H, through the bottom of which a 
Magnet I passes, its end being above the surface of the 
fluid. The apparatus is fixed to a metallic rod KL, the 
metals which?go through the cups, being made to rest on 
it, so as to keep up the contact between it and the mag- 
nets and wires. On connecting KL with the wires from 
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- a battery, so that there shall be a current of electricity 
through the mercury and the cross bar on the pillar, the 
magnet F, and the wire G, begin to move, and in the di- 
rections already described. 

The revolution of the wire round a magnet, is well il- 
lustrated by an apparatus contrived by Ampere, and 
which possesses the advantage of containing the trough 
by which the electric current is produced. With a slight 
modification suggested by Mr Barlow, the movements 
become more complete. It consists of a trough AA, 
formed of two cylinders of very thin copper, about 2 inches 
in depth, the outer one about 2, and the inner about 1+ 
inches in diameter, joined below by a copper bottom. 
The inner cylinder has a copper wire BB, fixed to it, so 
that it can be suspended on a magnet C, which passes up 
within it, the suspension being by means 
of a fine pointed wire, from the bent part 
D. Into the trough is placed a cylinder 
of sheet zinc, which has also a wire passing 
from one side to the other EE, and sus- 
pended by a pointed wire passing down 
from the bent part F, and placed in a 
small cup containing a globule of mercury, 
fixed to the upper part of the bent wire 
EE, of the trough. When the trough is 
filled with diluted acid, and the apparatus C 
suspended on a powerful magnet, the zinc 
plate revolves in one direction, and the cop- 
per trough in another, the direction varying E> 
according to the pole on which they are 
suspended. When on the north, the zinc revolves in the 
same direction as the handles of a watch, lying on the 
table with the dial up, while the trough moves round in 
the opposite one. If the apparatus be suspended on the 
south pole, the zinc turns in the reverse direction, while 
the trough goes in the same one with the handles. 

A very simple apparatus, within the reach of every one, 
has been described by De la Rive, (Bib. Univers. March 
1821,) for shewing the power of magnets over galvanic 
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troughs. It consists of @ slip of copper and of —_ 
A B, joined above by a curved copper wire aks 
CC, and placed into a small tube, DD, filled © 
with diluted acid, so as to form a voltaic 
circuit. If the tube be passed through a E> 
cork, E E, and then put in a basin of water, 
on which of course it will float, on ap- 
proaching a magnet, it is attracted and re- DP 
pelled according to the pole presented. | : 

The above are a few of the leading facts of. electro- 
magnetism. I conceive it foreign to the object of this 
work, to enter into a detail of the different opinions which 
have been given of the means by which the phenomena 
described are produced, more especially as none, even 
though some have been advanced by names of high au- 
thority, seem to account for them satisfactorily. The 
reader who wishes more minute information on the sub-: 
ject, is referred to the original papers of Oersted, Am- 
pere, Arrago, and Davy, already alluded to, and to the 
historical sketch also already noticed, in the last of which 
he will find not only a full statement of facts, but also nu- 
merous references to the authors who have written on it. 


PART VI. 


ANALYTICAL CHEMISTRY. 


Ix is not my intention to enter minutely into this depart- 
ment of the science ; indeed, this would be altogether fo- 
reign to an elementary work. I intend to offer a few re- 
marks on those subjects of general interest, such as mi- 
neral waters, detection of poisons, and the assay of some 
bodies much employed in the arts. 


MINERAL. WATERS. 


Waters vary in purity, according to the source from 
which they are derived, and hence they have been di- 
vided into different classes, as rain, snow, or hail water, 
spring and river water, well water, and the water of lakes 
and. ponds. 

Rain water is by far the purest, particularly if col- 
lected at a distance from town, and some time after 
the shower has commenced. In winter, also, it is freer 
from foreign ingredients than in summer, as there are 
then fewer impurities floating in the atmosphere. ‘The 
substances found in it, are common air, carbonic acid, 
and a minute quantity of super-carbonate, and muriate 
of lime; and Bergman states, that he has detected nitric 
acid, formed probably by the union of the ingredients of 
the atmosphere. 
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Well water is the rain which has penetrated the earth, 
and is collected in pits dug for the purpose. It is not so 
pure as the preceding, as it in general acquires some fo- 


reign matter from the soil through which it has passed. © 


In addition to the substances already mentioned, it con- 
tains sulphate of lime, and more of the super-carbonate, 


which communicate hardness, or the property of not dis- 


solving soap, (see p. 181.) 

Spring and river water is also the rain, which has pe- 
netrated the earthy and strong strata of the globe, till, 
finding an issue in some less elevated spot, it escapes and 
produces running waters, varying in size according to 
their situation. During its passage through the earth, 
it undergoes the process of filtration, and escapes clear 
and transparent ; but it is not pure, for it in general tra- 
verses beds of soluble matter, on which of course it acts. 
It accordingly contains atmospheric air, carbonic acid, 
carbonates and muriates of soda and of lime. 

The water of lakes and ponds is also the rain, which, 
after penetrating the earth, has collected in depressions 
on its surface.--It contains the same ingredients as the 
others, along with vegetable and animal matter, which 
has undergone putrefaction. 

The water of marshes is still more loaded with putres- 
cent animal and vegetable remains. 

Spring waters are often impregnated with a great deal 
of foreign matter, that imparts peculiar bats in wish 
case they are called mineral waters. | 

Mineral waters occur in various parts of the globe, 
differing in their ingredients according to the channel 
over which they have flowed ; but besides this, they also 
vary in temperature, for though most of them are nearly 
the same as that of the surrounding medium, they are oc- 
casionally above it, and in some rare instances, pee: 
reach that of ebullition. | 

Though the attention of man was early directed to 
these waters, particularly as a cure of diseases, it was 
not till about the end of the 17th century that a chemi- 
cal investigation of them was undertaken, - which seems 
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to have been first done by Boyle, who employed tests in 
detecting the substances they contain. In 1707, Geof- 
froy pointed out a mode of procuring their ingredients in 
the solid form by evaporation, and in 1726 Boulduc used 
alcohol as a means of separating them from the water 
which held them in solution. After the ‘discovery of 
carbonic acid, by which some of their ingredients, not 
soluble in water, are kept dissolved, the modes of: ana- 
lysis were greatly improved, and two excellent treatises 
on them published, one in 1787 by Bergmann, the other 
in 1800 by Kirwan; and more lately Dr Murray, who 
had advanced a new view with respect to their constitu- 
tion, has proposed a method of analysis, much more sim- 
_ ple, and apparently more correct, than those of preceding 
chemists. 

The examination of mineral waters is one of the most 
difficult pursuits of a chemist. It requires an intimate 
knowledge of the action of bodies on each other, and the 
utmost nicety in the manipulation, the quantity of mat- 
ter on which he has to operate being so small. The 
analysis may be divided into two parts: 1st, the investi- 
gation of the physical qualities, with an account of the 
surrounding objects; and 2d, the chemical examination 
so as to ascertain the component parts. 

Before proceeding to the performance of any experi- 
- ments, it is necessary to ascertain the source from which the 
water is derived, the nature of the substances over which 
it has passed, and of the soil where it has its exit. We 
must attend also to any matter that may be deposited, and 
the taste, odour, colour, and temperature, should be no- 
ticed ; the quantity discharged also in a given time, and 
the rapidity with which it runs, should be observed. 
This examination ought to be conducted at different sea- 
sons, both before and after rain, as it is likely that the 
quantity of fluid, and of course also its properties, may 
vary according to the state of the weather. The know- 
ledge thus derived, may lead us in some respects to the 
nature of the water ; thus, the smell will at once inform 
us whether sulphuretted hydrogen is present; its taste 

VOL. IT. pd 


418 ANALYTICAL CHEMISTRY. 


will indicate whether or not it contains iron; and its 
sparkling, when poured from one vessel to another, will 
shew the presence of a gaseous fluid. — beat . 
Having made these observations, we have next to pro- 
ceed to the chemical analysis. , : 
The substances found in mineral waters may be divid- 
ed into gaseous fluids, the acids, the alkalies and earths, 
and the compound salts. : oa? 
Atmospheric air is contained in all mineral waters, 
but the quantity is small; it seldom exceeds 1-28th of 
the volume of the fluid. 
Oxigen gas likewise exists in them, but it is also in 
minute quantity. It is never found along with sulphu- 
retted hydrogen, nor the compounds of iron. . 
Nitrogen has been detected in the Bath waters, and in 
those of Harrogate, and a few others. ith | 
Carburetted hydrogen has also been found, though rare- 
ly, and in very minute quantity. | 
Carbonic acid is a very common ingredient. Its quan- 
tity varies considerably, though, in general,. it seldom 
surpasses that of the fluid. According to Higgins, how- 
ever, 100 cubic inches of Pyrmont water contain 160. 
Boracic acid has been found in some of the lakes of 
Tuscany, though it is, in general, in a state of combina; 
tion. 
Sulphuric and sulphurous acids -have been observed im 
some of the waters of Italy, in the neighbourhood of Vol- 
canoes. i: Bay rate 2: 
Sulphuretted hydrogen is a very common ingredient. 
Of the alkalies, soda is the only one that has been found 
free. It exists in considerable quantity in the waters of 
Geyser in Iceland, in which also there is silica held in 
solution, according to Dr Black, by the alkali. Nitric, 
carbonic, sulphuric, muriatic, hydro-sulphuric, and hydr- 
iodic acids, are frequently met with in union with potassa, 


soda, lime, magnesia, or oxid of tron ; nitrates, however; — 


very rarely occur. Perhaps the most common are carbo- 
nates, of which carbonate of lime, held:in solution by excess 
of acid, is the most frequent, few waters existing without 
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it. Carbonates of magnesia and of iron also frequently 
occur, held dissolved by excess of acid. The most com- 
mon of the sulphates are those of soda, lime, and mag- 
nesia ; and of the muriates, that of soda is by far the most 
generally met with; indeed, it may be said to exist in all 
waters. Hydriodates have been found in some of the waters 
of Germany, and in that of Bonnington, near Edinburgh. 

Besides the gaseous and saline substances above enu- 
merated, animal and vegetable matters are occasionally 
observed, but these are probably to be considered acci- 
dental. 

Owing to a difference in the proportion of the above 
- Ingredients, waters have been divided into classes, as the 
acidulous, sulphureous, chalybeate, and saline. 
 Acidulous waters are those that contain free acid, and 
are easily distinguished by their taste. Along with car- 
bonie acid, they almost always contain muriate of soda 
and earthy carbonates, but it is the free acid that gives 
them their peculiar qualities. The waters of Seltzer, 
Spa, Pyrmont, Pouges, and Carlsbad, belong to this 
class. 

Sulphureous waters are those having sulphuretted hy- 
drogen, and are known by their smell. It is sometimes 
in a state of combination, but most frequently uncom- 
bined. The most noted of the waters of this class are 
those of Aix-la-Chapelle, Cheltenham, Harrogate, Mof- 
fat, and Lemington. 

Chalybeate waters contain iron, and are also in gene- 
ral known by their taste. The iron is usually held in 
solution by carbonic acid, which is sometimes in such 
excess as to communicate acid properties, forming a sub- 
division called acidulous chalybeate. The waters of 'Tun- 
bridge, Brighton, Harrogate, Cheltenham, Teplitz, Le- 
mington Priors, are of this class. | 

Saline waters contain the saline ingredients already 
mentioned, as existing in mineral waters, in general, with 
_ the exception of free carbonic, sulphuretted hydrogen, 
_ and iron. Of course their properties depend on the na-> 
ture and quantity of the matter in solution. As instan- 
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ces of saline waters may be mentioned those of Seidlitz, 
Lemington, Bath, Buxton, Bristol, Cheltenham, Epsom, 
Pitcaithly, Airthrie, Inverleithen. A table of the com- 
position of mineral waters is given in the Appendix. 

The water of the ocean differs from the preceding, in 
containing a large quantity of muriate of soda. . It has 
a bitter disagreeable taste. Its specific gravity varies 
from 1026.9 to 1028.5... It freezes at 28.5, and during 
its congelation, deposits the whole of its saline ingre- 
dients; the ice, when melted, affording water almost as 
free from impurities as after distillation. The latest 
analysis is by Murray, who analysed it m three different 
ways, and obtained different results each time; but he 
places most confidence in the last. The following are 
given as the ingredients of 10,000 parts of the water from 
the Frith of Forth, (Ed. Ph. Tr. viii.) | . 


Muriate of soda, 242.51 245.04 220.01 
sulphate of magnesia, 7.86 17.04 | 
sulphate of soda, — 9.99 2.66 33.16 
muriate of magnesia, $4.49 28.63 42.08. 
muriate of lime, 1.84 


‘sulphate of lime, 9.45 = 9.72 


| : 304.80 303.09 303.09. — 
_ It was at one time supposed, that in different latitudes, 
and at different depths, the quantity of saline matter 
varied ; but it is now known that the difference is very. 
trifling, and does not follow any known rule with respect 
to change of situation. Considering the analysis of Mur- 
ray as correct, at least with respect to the amount of sa- 
line matter, we may consider sea water as containing 
about 1-33d of its weight, or from 3 to 3.5 per cent. ; but 
in addition to the ingredients mentioned by him, potassa, 
ammonia, and hydriodic acid, have been lately noticed as_ 
existing In it. | a, 
The water of the Baltic differs materially from that of 
the ocean; the former containing only about 1 per cent. 
of saline matter, though this varies according to the di- 
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rection of the wind. When from the west, it is about 
doubled. — 
The water ofthe Dead Sea also differs from that of 
the ocean. According to Marcet, it has not less than 
24.5 per cent. of soluble matter, 100 parts consisting of 


muriate of lime, - 3.920 
muriate of magnesia, - 10.246 
sulphate of lime, “ 054 
muriate of soda, - 10.360 
water, - . 75,420 


| The water of the River Jordan, Marcet found to be of 
the same composition. (Ph. Tr. 1807.) 


Methods of detecting the Ingredients of Mineral Waters. 


To ascertain the nature of the gaseous fluids, a retort 
must be filled with the water, and the mouth of it made 
to terminate under a jar of mercury standing on a mer- 
_curial trough. On the application of heat, the water 
gives off its elastic ingredients, the whole of which is ex- 
pelled by continuing the ebullition for about ten minutes, 
and is collected in the jar. It may contain oxigen, ni- 
trogen, carbonic acid, sulphuretted and carburetted hy- 
_drogen, and sulpburous acid ; the two last, however, very 
rarely, more especially the sulphurous acid, which occurs 
only in volcanic countries. Though these different gases 
have been mentioned as existing in mineral waters, it must 
not be supposed that they are all to be met with in any 
instance, for some of them decompose each other; thus, 
if oxigen has been detected, we need not look for sulphu- 
retted hydrogen. 

Oxigen. 'The presence of this gas in the elastic fluid 
collected in the jar, is indicated by the introduction of a 
few bubbles of nitric oxid, by which red fumes of nitrous 
acid are produced, (vol. i. p. 216.) 

Sulphuretted Hydrogen. By the immersion of a piece 
of paper soaked in sugar of lead, or by throwing up a 
little of the solution, the black sulphuret is instantly 
formed, provided this gas is present, (p. 32.) Instead 
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of sugar of lead, Dr Henry has proposed paper besmear: 
ed with the carbonate, which is blackened when.the gas 
contains only about 1-20000th of sulphuretted hydrogen. 

Carbonic Acid. When the gaseous mixture contains 
carbonic acid, on the introduction of lime water, there is 
an absorption, the fluid becoming turbid from the de- 
composition of carbonate of lime, (vol. i. p. 455.) The 
acid gas may also be indicated by potassa water. 

Carburetted Hydrogen. Waving removed the gaseous 
fluids already mentioned, by the use of the tests by which 
they are detected, to ascertain if carburetted hydrogen 
is present, a little oxigen must be: introduced, and the 
mixture fired by electricity. If there is any diminution 
in volume, and if, on letting up lime water, it becomes 
turbid, it may be inferred that carburetted hydrogen is 
present, (vol. i. p. 232.) 

Sulphurous Acid is detected by the introduction of 
peroxid of lead, by which it is gradually absorbed. An- 
other method of detecting it, is by introducing frag- 
ments of borax, having previously removed the carbonic 
acid. 'The borax, when mixed after this with water, and 
exposed to heat, will give out the odour of sulphur etted: 
hydrogen, provided the acid gas existed in the mixture 
subjected to analysis. , 

Nitrogen. Having removed the different gases above 
mentioned, should Baie still remain some, and if it ex- 
tinguishes a taper, it may be considered nitrogen. | 

The saline ingredients of water are easily detected. 

The Acids are indicated by the use of litmus, which, 
when they are free, is instantly reddened ; but the effect 
is different, according as the acid is a fixed or volatile one. 
When the change is produced by sulphuric or muriatic 
acid, the colour is permanent on the application of heat ; 7 
but it is fugitive if occasioned by carbonic acid or sul- 
phuretted hydrozen, the original appearance returning? 
If, therefore, litmus paper has ‘been used, it must be held 
before a fire; or if the infusion has been sake er the 
fluid must be boiled for some time. ; 

Carbonic Acid in combination, is most easily. adieaved 
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by the addition of solution of acetate of lead, by which 
a white carbonate is deposited; but as lead is thrown 
down by other substances, it is necessary to try the effect 
of nitric acid on the precipitate. All carbonates are de- 
composed by nitric acid; and as nitrates are soluble, it 
is generally said that a precipitate, if a carbonate, is so- 
luble in nitric acid, (properly speaking, it disappears on 
its addition.) To try, then, if the precipitate by acetate 
of lead is carbonate, add a few drops of pure nitric acid*. 
If it is so, it will disappear. If it does not disappear, it 
is not.a carbonate. 

Sulphuretted Hydrogen is easily detected by acetate of 
lead, which throws down a dark-coloured precipitate, a 
sulphuret. Other metallic salts, as those of silver and 
mercury, are also similarly affected, but that of lead is 
the most delicate ; besides, by its use both carbonic acid 
and sulphuretted hydrogen may be indicated at the same 
time. If, for instance, a drop of the solution be put 
into a fluid containing both, a white precipitate appears, 
but which almost instantly becomes black. In cases of 
this kind, when the quantity of matter in solution is very 
small, by far the best method of using the test is, to al- 
low a drop of it to fall into the fluid from the end of a 
rod, as by this means streaks appear, and. are easily ob- 
served by their being surrounded by a transparent fluid. 

Nitric Acid. Though there is no direct test of this 
acid, a very ingenious method of detecting it has_ been 
proposed by Wollaston, founded on the solubility of 
gold in aquaregia, (p. 81.) Having concentrated the 
water by evaporation, a few drops of sulphuric acid are 
added, along with a grain or two of sea salt, unless a 
muriate exists in the water, in which case there is no 
necessity for it; a small piece of gold leaf is then put 
in, and the fluid boiled; if the water contain nitric acid, 


" 


* In using nitric acid in this and in the other trials to be mentioned, 
care must be taken that it be free from sulphuric and muriatic acids, 
which, owing to the mode of preparing it, it is likely to contain. For 
the méthod of purifying it, see vol. i. p. 390. 
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the metal disappears, owing to the formation of nitro- 
muriatic acid. (Quart. Journ. xvii.) . 

“Sulphuric Acid. It has been already mentioned, that 
acetate of lead sometimes yields a white precipitate, not 
soluble in nitric acid. This is generally a sulphate, and 
hence the test is occasionally employed to detect sulphu- 
ric acid; but it is by no means a delicate one. *The 
best is baryta, or any of its salts, which throw down a 
white powder. But baryta is precipitated by carbonic 
acid, and its salts by carbonates, so that to ascertain 
if the precipitate be sulphate or carbonate, add a few 
drops of pure nitric acid; if the former, it is insoluble. 

Muriatic Acid. 'The most delicate test for this, is nix 
trate of silver ; but before using it, it is necessary to add 
to the water a little nitric acid, to neutralize any free al- 
kali, and decompose the carbonates. If, after this, the 
test gives a white precipitate, muriatic acid is present. 

fydriodic Acid. .The only means yet known of de- 
tecting this acid in water, is to shew whether or not 
iodine exists in it; for it is in this state of combination 
the latter generally occurs. - When iodine is in solution, 
the fluid gives a blue precipitate on the addition of solu- 
tion of starch; but this is not to be expected when it is 
in the state of acid. The acid may, however, be decom- 
posed by sulphuric acid, and its iodine set free; and 
hence the method of detecting it. For this purpose, to 
the water concentrated by evaporation, add cold solution 
of starch, and then throw in from the end of a glass rod 
a drop. of sulphuric acid. If iodine is present, blue 
streaks will appear in the fluid, (vol. i. p. 274.) 

Lhe Alkalies are indicated either by litmus, or by tur- 
meric, the former becoming blue, and the latter brown; — 
and the fixed ones are distinguished from the volatile, 
by the permanency or fugitiveness of the colour on: the 
application of heat. The alkalies, however, are not to 
be expected to be free; but though in union with car- 
bonic acid, in which state they sometimes occur in a 
water, they affect the tests in the same way. 

Supposing a fixed alkali to be detected, potassa is i 
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tinguished from soda by tartaric acid, which forms a spa- 
ringly soluble salt with the former; but with the latter, 
one easily dissolved. Before using the test, therefore, it 
is necessary to concentrate the water by evaporation ; if, 
on adding the acid, a precipitate appears, potassa is pre- 
sent; if none is formed, the effect on the colour must 
have been produced by soda. When the potassa is in 
very small quantity, it requires the fluid to be well stir- 
red with a wooden rod, in which case the only indication 
of its presence is a white streak where the rod is rubbed 
on the glass. 

This test may also be used though the alkali is in a 
state of combination ; it is liable, however, to be affected 
by salts of lime ; so that if it is present, it must be re- 
moved. (See Test of Lime.) 

Soda. There is no direct test for soda when in union. 
The only method of ascertaining its presence, is procur- 
ing the saline matter in crystals, by evaporation, and se- 
parating those of different forms. Should prismatic ones 
be obtained, in which we can indicate sulphuric, or cubi- 
cal ones, in which we find muriatic acid, but cannot 
detect any base in either, we may consider the former 
to be sulphate, and the latter muriate of scda. 

Ammonia. When ammonia is in combination, it is 
easily detected by evaporating some of the water to dry- 
ness, mixing the residue with its own bulk of slaked 
lime, and applying heat. If present, it will come off, and 
can be known by its odour; or if not in sufficient quan- 
tity for this, by holding a rod dipt in muriatic acid over 
it, by which the white vapour of muriate of ammonia 
will appear. 

Lime. . Oxalic acid is by far the most delicate test of 
this earth, but it is better to use it in a state of combina- 
tion. When oxalate of ammonia is added to a water 
containing lime in any state of union, a white precipitate 
appears. It is necessary, however, if a free fixed acid 
be present, to neutralize it by ammonia, because oxalate 
of lime is soluble in acids. Ammonia is preferred to the 
other alkalies, or to any of the carbonates, because it does 
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not, though added in excess, decompose calcareous salts, 
so as to occasion any precipitation ; and hence, also, the 
necessity of using an oxalate in preferenée to the acid it- 
self, that its alkali may neutralize the acid set free from 
the lime, and prevent it from soups on the pretipieaie 
to be formed. | 

We easily know whether the earth is in union with a 
fixed acid, as sulphuric, or muriatic, or with a volatile 
one, as carbonic, because from super-carbonate of lime, 
the excess of acid is expelled by boiling its solution, and 
the neutral carbonate is deposited, whereas there is no 
change effected on the muriate or sulphate. If, therefore, 
we can detect lime both before and after boiling, it ex- 
ists as a sulphate or muriate ; if only before boiling, it is 
as a super-carbonate. In this last case, a thin film of 

carbonate appears on the surface of the water. 

It has been mentioned, that tartaric acid, the test ‘for 
potassa, acts on lime, and that when it is present it must 
be removed before using it. For this purpose oxalate of 
ammonia is added to the water, which must be after- 
wards filtered, and then evaporated. | 

Magnesia.—Though there is no direct test for magne- 
sia, there are difecuane methods by which its presence in 
a water may be indicated, but by far the best is the for- 
mation of the ammoniaco-magnesian phosphate. Before 
adding the re-agents, however, that are to throw it down 
in this state, it is necessary to remove the other- earthy 
or metallic bases, by which they may be affected. The 
substance usually employed for this purpose is carbonate 
of ammonia, which precipitates the whole of them, but 
does not act on the magnesian salt. To ascertain if 
magnesia Is present, add carbonate of ammonia in excess, 
(till litmus paper dipt in the water becomes blue) and fil- 
ter if necessary, then put in solution of phosphate of soda ; 
if there is a magnesian salt in solution, a white precipi- 
tate appears. Should, however, the quantity be small, 
it. is necessary to stir the fluid well with a wooden rod, 
by which white streaks will be formed on those pants, of 
the glass rubbed by it. 
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- Silica is a very rare ingredient, and when it does ex- 
ist, it is in very minute quantity. The best mode of de- 
tecting it is to evaporate the fluid to dryness, treat the re- 
sidue with diluted muriatic acid, by which the salts and 
iron, if present, will be dissolved. If after this there is 
any residue which is not destructible by heat, it may be 
considered silica ; but to prove that it is so, let it be fused 
with potassa, and it will form a compound soluble in 
water, and from the solution of which acids will throw 
down a white precipitate. 

Iron.—The tests usually employed for detecting iron, 
are ferro-cyanate of potass, and infusion of galls, the for- 
mer of which gives a blue, and the latter a black preci- 
pitate; but the mode of applying them requires to be 
varied according to its state of combination, and the other 
substances present. When the water contains sulphate, 
all that is necessary is to add the test, unless a free acid 
has been previously detected ; in which case, when the 
tannin infusion is used, it is necessary. to neutralize it, 
because the tannuret of iron is soluble in acids. As, 
however, the quantity of iron is in general small, should 
a slight excess of alkali be added, the whole of it may 
be precipitated, and thus prevent the action of the test, 
it is better first to put in the galls, and then the alkali, 
suppose carbonate of ammonia, by which, if iron is pre- 
sent, the dark colour will instantly appear. In this case 
the precipitate is not exactly of the same colour as when 
the tannin unites directly with the iron; it has a purple 
tinge, the alkali somehow or other acting on it. With re- 
spect to the ferro-cyanate, as it requires the iron to be in 
its maximum state of oxidation, should the blue tinge 
not appear when it is added, it is necessary to leave the 
fluid*exposed to the air for a few hours, to allow the me- 
tal, if not in this state, to absorb oxigen *. 

Iron very frequently exists in waters as a super-carbo- 
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* In using this test, we must take care that it does not contain excess of 
iron, which it is apt to do. This is known by the addition of a drop or two 
of acid to its sclution ; if pure, it does not alter its appearance ; if impure, it 
becomes blue. tr he 
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‘nate, in which case the tests do not act on it, but may be 
made to do so by the addition of a drop or two of sul- 
ah acid, which brings it to the state of be 


Methods of ascertaining the quantity of the different ; 
ingredients. 


The total amount of gaseous fluids is ascertained by 
taking a flask with a long bent neck, the capacity of 
which is known, filling it with the water, and applying 
heat so as to cause it to boil for some time. Having 
collected the elastic fluid over mercury, and made the 
necessary corrections for temperature and pressure, 
(vol. i. p. 167.) so as to find its actual quantity, the tests 
are to be applied to ascertain the proportions of each. 

By throwing up solution of acetate of lead, the volume 
of sulphuretted hydrogen is ascertained. 

By the introduction of water of -potass, the carbonic 
acid is indicated. 

The amount of oxigen is discovered by mixing the 
gas with twice its volume of hydrogen, and firing it by 
electricity, (vol. i. p. 202.) one third of the diminution 
being allowed for oxigen. Instead of this, the spongy 
platinum is now preferred, the process being more easily 
managed than the other, (vol. i. p. 203.) 

Should carburetted hydrogen be present, its PAlavoe 
is discovered by mixing the gas with twice its volume of — 
oxigen, firing it in the same way, and after washing the 
residual gas with lime water, allowing one third of the 
loss for carburetted hydrogen, (vol. i. p. 232.) 

The amount of absorption by peroxid of lead will 
give the volume of sulphurous acid. When, however, 
this gas exists in the elastic fluid, the peroxid must be 
used before any of the liquid tests are employed, be- 
cause sulphurous acid is easily absorbed by water. 

The residual gas, after removing the preceding, indi- 
cates the quantity of nitrogen. 

Instead of boiling the water so as to collect the gaseous 
matter, the quantity of carbonic acid and of sulphuretted 


MINERAL WATERS... 429 


hydrogen may be discovered, by passing them through 
fluids containing substances by which they will be preci- 
pitated. For this purpose, having put a certain quanti- 
ty of the water into a retort with its neck bent at right 
angles, when the proportion of carbonic acid is to be 
found, the mouth of it is placed in,a bottle with lime or 
barytic water, excluding as much as possible the atmos- 
pheric air, and heat applied so as to cause it to boil. By 
continuing the ebullition for some minutes, the whole of 
the gas is expelled, and by collecting and weighing the 
carbonate formed, the weight, and consequently the vo- 
lume of carbonic acid gas, is ascertained. In the same 
way, by putting the mouth of the retort into acetate of 
lead, and boiling, sulphuret of lead is deposited ; so that 
by. weighing it, the volume of sulphuretted hydrogen is 
found. In the former instance, 100 grains of carbonate 
of baryta are equal to 47.5 cubic inches of carbonic acid ; 
and in the latter 100 grains of sulphuret are equal to 38.5 
cubic inches of sulphuretted hydrogen . 

To ascertain the quantity of saline matter in solution, 
by far the most accurate method is to evaporate cautious- 
ly a certain quantity of the water in a glass or Wedge- 
wood basin nearly to dryness, then wash out with distilled 
water the residue into a smaller glass vessel, and again 
evaporate, after which the saline matter must be kept at 
a temperature a little above 212, so as to expel the 
whole of the moisture. When dry, it must be scraped 
off carefully and weighed, or by weighing the vessel be- 
fore and after the evaporation, the additional weight will 
give that of the saline ingredients. : 

With the view of finding the proportions of the diffe- 
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_* 100 grains of carbonate of baryta contain 22 of acid ; 100 cubic inches 
of carbonic acid weigh 46.5 grains ; so that 
as 46.5 : 100: : 22 : 47.5 m 

100 of sulphuret of lead contain 13.3 of sulphur. Sulphuretted hydrogen 
is composed of 20 of sulphur, and 1.25 hydrogen ; now as 3 
20 : 1.25: : 13.3: 831 
100 cubic inches of sulphuretted hydrogen weigh 35.9, 

and as 35.9; 100: : 13.831 : 38.5 
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rent acids and bases, a certain quantity of the water 
being taken, nitrate of baryta is first to be added, ‘by 
which carbonate, or sulphate of baryta, or probably both, 
will be thrown down. By weighing the precipitate, and 
afterwards washing it with muriatic acid, and again 
weighing it, the quantity of carbonate and sulphate may 
be discovered, by deducting from the weight of the 
original precipitate, the loss occasioned by the washing 
with acid. The loss is carbonate, the residue sulphate 
of baryta; 100 gers. of the former, are equivalent to 22 
of carbonic acid, (vol.i. p. 4°74.) 100 of the latter to 
33.89 of sulphuric acid *, (vol. i. p. 475.) 

To the filtered fluid, nitrate of silver being added, the 
muriatic acid is deposited. 100 grains of the precipi- 
tate, when dried, indicate 19.1 of muriatic acid, (p. 90.) 

To another similar portion of water, add oxalate of 
ammonia, and oxalate of lime falls; the precipitate, when 
dried cautiously, will indicate the quantity of lime, 100 
grains being equal to 43.75, (p. 240.) | htti4 


* In forming and weighing the precipitates, certain precautions are ne-« 
cessary. In the first place, care must be taken that the whole of the sub- 
stance tested for is thrown down. This is done by adding the precipitant, 
as long as it seems to occasion precipitation ; allow the fluid, after ‘stirring 
it, to remain.at rest for some time; and when the powder has subsided from 
the surface, take out a drop on the end of a glass rod, and having placed 
this on a plate of glass, touch it with a drop of the test ; if a precipitate is 
formed, more of the test must be added to the fluid, and in this way the 
process must be repeated, till the drop removed does not become turbid 
on the addition of the test. This precaution applies to the precipitation, 
of all the ingredients. Different methods are followed in collecting the 
precipitates, so as to weigh them. By far the most accurate, is to 
allow the powder*to fall to the bottom of the glass; pour off the supers 
natant fluid, throw in distilled water, again allow to stibside, and pour off ; 
and in this way repeat the process till the water comes off pure, which is 
ascertained by testing it for any of the substances which was known to exist 
in it at the commencement of the experiment. After this, pour the resi- 
due containing the precipitate, into a glass basin, washing out the vessel’ 
with distilled water, and then evaporate to dryness ; but to save time in 
evaporating, the greater part of the liquid may be poured off, by allowing 
the powder to fall to the bottom. The residue, when dry, is to be scraped: 
off and weighed, the adhering particles being removed by means of a ca- 
mel’s hair brush. Another mode of collecting the precipitate is by filtra-~ 
tion, and for this, smooth unsized paper should be used, because from it 
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To the filtered fluid add carbonate of ammonia in ex- 
cess, filter if necessary, then add phosphate of soda, and 
stir the fluid well. ‘The precipitate, which is phosphate 
of magnesia and ammonia, becomes phosphate of mag- 
nesia when exposed to a red heat; 100 grains are then 
equivalent to 40.16 of magnesia, (vol. i. p. 488.) 

Different methods have been followed for finding the 
quantity of iron. When the ferro-cyanate of potass is em- 
ployed for this purpose, its solution must be added to an- 
other similar portion of water, and the precipitate, after 
being washed, must be dried very cautiously ; and as it 
is difficult, nay almost impossible, to remove it from the 
filter, the filter ought to be weighed before being used, 
and again weighed with the precipitate when dry; 100 
grains of the blue ferro-cyanate, according to Porret, 
are equal to 34.23 of peroaid of iron, (p. 17.) 

Berzelius has proposed to throw down the iron by ben- 
zoate of soda; in which case, all that is necessary is to 
add it to the water, collect the precipitate, and dry it by 
a gentle heat,—100 grains indicate 25 of peroxid, 
(p. 246.) 

There is still another method of finding the quantity 
of iron. It depends on the insolubility of the peroxid 
in nitric acid. For this purpose ammonia is added in ex- 
cess to the water, and the precipitate, after being washed 
and dried, is exposed to a red heat for some time, to 
per-oxidize the metal. It is then to be washed repeated- 
ly with water, and afterwards with nitric acid, by which 
the different ingredients are dissolved, but the oxid is 
left. Its weight indicates that of the iron in- solution. 


the powder is most easily removed. Having thrown the fluid on the 
filter, the precipitate left on it must, after the filtration ceases, be washed 
with distilled water, till it comes through pure, which is known by 
the process already stated. The filter is then to be removed cautiously 
from the funnel, placed on a metal plate, and dried over a lamp or chauf- 
fer, after which the precipitate may be scraped off and weighed. Or the 
filter, after being dried, may be weighed before pouring the fluid into it, 
and again weighed with the precipitate; but in this case the weighing 
must be finished as quickly as possible, after removing the paper from 
the heat, because it absorbs moisture rapidly from the air. 


432 ANALYTICAL CHEMISTRY. 


Different methods have been recommended for finding 
the state of combination of the ingredients, and the pro- 
portion of the compounds formed by their union, as by 
evaporation and separation of the salts by alcohol and 
by water. There is every reason, however, to believe 


that these are not accurate; indeed, the experiments of 


Dr Murray warrant the conclusion, that the salts obtain- 
ed by evaporation are not the same as exist in solution, 
new affinities having been brought into play during the 
performance of the analysis, by which decompositions are 
effected, and new salts are formed. According to him, 
(Ed. Ph. Tr. viii.) two views may be entertained with 
respect to the state of combination of saline bodies dis- 
solved in water. When there are two acids and two bases, 
they may be united by the pure force of affinity ; so that 
those between which it is most powerful, will be combin- 
ed. Thus, when sulphuric acid, muriatic acid, soda, and 
lime, have been detected in it, if they are united merely 
by attraction, the salts will be sulphate of lime, and mu- 
rilate of soda. But it is well known that affinity is mo- 
dified by external circumstances; so that when any of 
these operate, combinations may be formed different from 
those mentioned. ‘Thus, if the quantity of water. be 
small, the compounds stated are produced ; but if great, 
there is every reason to believe that it may have some 
effect, and others will be the result. In the former case, 
cohesion has its influence ; so that those between the par- 
ticles of which it is strongest, are usually found to exist ; 
but in the latter, it is supposed to be the reverse, sub- 
stances being formed between the particles of which there 
is little cohesion ; so that in this case, the most soluble 
salts are produced. When, then, the acids and bases 
mentioned are in solution with a large quantity of water, 
instead of sulphate of lime and muriate of scda, en 
are as muriate of lime, and sulphate of soda. 

This opinion of Murray is supported by several factg! 
Thus it cften happens, that by the evaporation of water, 


a substance is obtained in greater quantity. than it could. ) 


hold in solution ; so that it must have becn formed dur- 


a 
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ing the process. Again, substances are frequently found 
in a water, which decompose each other when their solu 
tions are concentrated. Thus, carbonate of soda occa- 
sionally occurs along with an earthy salt, though it is 
welleknown it precipitates both lime and magnesia. 

Many mineral waters also afford different salts, accord- 
ing to the mode of analysis. ‘Thus, sea water, by slow 
evaporation, yields muriate of soda, muriate of magnesia, 
and sulphate of magnesia; but when it is boiled to dry- 
ness, and the residue treated with alcohol, the products 
are muriate of soda, muriate of magnesia, and sulphate 
of soda. 

The views of Murray just stated, afford, probably; 
the most accurate method of analysing waters, so as to 
ascertain what salts they contain. All that is necessary; 
is, after finding, by the use of the tests, the different sub- 
stances in them, to combine them so as to form the most so- 
luble salts. He has proposed the following formula as ap- 
plicable to almost all waters. 

All waters may be brought under the class saline, for, 
by the application of heat, the free carbonic acid and sul- 
phuretted hydrogen are expelled from the acidulous and 
sulphureous, and the iron may be precipitated from chaly- 
beate by ferro-cyanate of potass, so that the substances 
left after this are carbonic, sulphuric, and muriatic acids, 
with soda, lime, and magnesia. Supposing the whole ot 
these present, the water must be evaporated, stopping 
before there is any deposition, and muriate of baryta 
added, avoiding an eacess. 'The proportions of carbonic 
and sulphuric acid are found as already noticed, (p. 430%. 
By this the whole of the salts are brought to the state 
of muriates ; oxalate of ammonia is next to be thrown in, 
to precipitate the lime; and to the filtered fluid, carbo- 
nate of ammonia, and phosphate of ammonia, are to be 
added, to throw down the magnesia. The residual fluid 
now contains only muriate of soda. It must be evapo- 
rated to dryness, and the product exposed to a red heat, 
by which the salt is obtained. 

The muriatic acid in the salt thus procured may, how- 
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ever, be different in quantity from what originally exist-: 
ed in the fluid; part of the soda may have been disen- 
gaged from the other acids, and have united with that 
of the barytic salt, in which case the acid is greater than 
it ought to be; or the soda may be in less quantity than 
could neutralise the whole of the acid, part of the latter 
having been united with the other bases; if so, the acid 
set free during the addition of the ammoniacal salts, 
would combine with the ammonia, and form muriate, 
which would be contained in the residue of the evapora- 
tion, along with muriate of soda, but would be volatilis-. 
ed by the heat, so that.the muriatic acid in this instance. 
would not indicate the whole that existed in the water. 
Though the muriate of. soda, therefore, obtained by 
this process, gives the whole of the soda, it does not 
yield the quantity of muriatic acid: This may, how- 
ever, be ascertained by adding to another portion of 
water, nitrate of silver, to throw the acid down. Having 
thus ascertained the proportion of the different ingredients, 
they are to be combined, so as to form the most soluble 
salts. Thus, in his experiments on sea water, Murray 
found, that a pint contained 


lime, 2.9 
magnesia, 14.8 
soda, 96.3 


sulphuric acid, 14.4 
muriatic acid, 97.7 


- 226.1 | | 
which he inferred existed in it, as muriate of soda, muri- 
ate of lime, muriate of magnesia, and sulphate of soda. 
The quantity of sulphate of soda, equivalent to 14.4 of 
sulphuric acid, is 25.6, the remainder of the soda 85.1, 
is united with 74.2 of muriatic acid, and forms 159.3 
muriate of soda. ‘The muriate of lime equivalent to 2.9 
of lime, is 5.7; the 14.8 of magnesia are combined with 
the remainder of the muriatic acid; to form $5.5 muriate. 
of magnesia, so that the saline contents of a pint of the 
water, according to this mode of determining them, are, 


- 
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muriate of soda, 159.3 
of magnesia, $5.5 

of lime, 5.7 
sulphate of soda, 25.6 
226.1 


If this view of the composition of mineral waters be 
correct, the component parts of those analysed by other 
means, will be different from what has been. stated. 
Thus, those which have yielded sulphate of lime, and 
muriate of soda, it is inferred, contain muriate of lime, 
and sulphate of soda; but though this is the case, the 
proportion of acids and bases being given, it is easy to 
find the composition, according to this mode, without 
repeating the analysis. We have only to find the equi- 
valents of the different salts, which is done by the sliding 
scale of Wollaston, (see Appendix;) thus, 100 sulphate of 
lime are equal to 81.5 of muriate of lime, and 100 muriate 
of soda are equivalent to 122 of sulphate of soda. 

The mode of analysing waters nowstated, isattended with 
much less labour, and it isprobable, leads toresults moreac- 
curate than those obtained by any other means. A strong 
argument in its favour, is its enabling us to detect in them 
substances; which act powerfully on the animal system, 
and thus to account for the medicinal effects of some, 
which cannot be done by the other modes. Bath water, 
for instance, according to the analysis by evaporation, 
contains, in a pint, about 9 grains of sulphate of lime, 3.3 
of muriate of soda, 3 of sulphate of soda, 0.8 of carbo- 
nate of lime, with a minute quantity of silica and iron, 
all of which are either so inert, or in such small quantity, 
as to be incapable of producing any effect on the system ; 
but, according to Murray’s view of it, it contains no less 
than 3.1 grains of muriate of lime, a very active ingredi- 
ent, and to which, if his views are correct, its medicinal 
properties are probably to be ascribed. 

Though allowing the correctness of Murray’s views 
with respect to the state of combination of the acids and 
bases, I am not inclined to adopt the formula recom- 
mended, with the view of finding their proportions, it is so 
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extremely difficult to avoid adding an excess of the tests, 
which, if done, must materially affect the result. Thus, 
if too much muriate of baryta be employed to precipi- 
tate the sulphuric acid, it adds to the weight of muriatic 
acid, and any excess of phosphate of ammonia will be 
left with the muriate of soda. I conceive the analysis 
to be more easily conducted, and with as much, if not. 
with more accuracy, by using different portions of water 
for the acids, earths, and iron. To one portion, for in- 
stance, say a pint, add nitrate of baryta, to throw down 
the carbonic and sulphuric acid, their proportion being 
found as stated at p. 430, and to the filtered fluid, add ni- 
trate of silver to throw down the muriatic acid,—to an- 
other pint, add oxalate of ammonia, to deposit the lime, 
and to the filtered liquor add carbonate of ammonia in ex- 
cess, again filter if necessary, and add phosphate of soda 
to precipitate the ammoniaco-magnesian phosphate. ‘The 
- quantity of iron is most easily ascertained by sere the 
proper test to a third portion of fluid. 

Having thus found the proportion of the different é in- 
avellitnts, should the amount of them be less than the 
quantity of saline matter procured by the evaporation of 
a pint, we may infer the deficiency to be soda; and this 
conclusion we may consider as correct, if, after having 
united the bases with their equivalent of acids, so as to 
form the most soluble salts, there is an excess of acid, 
and this excess requires, for neutralization, a een of 
sodaequal to the deficiency. 

- Thus, suppose the water yields, by cddpdratanl 47. 84 
of saline matter, and the tests indicate, of 


sulphuric acid, 18.6 
muriatic acid, 9.64: 
lime, *;.}s.4- - 7.2 
magnesla, - 9.3 
44.74 
~ the deficiency is -B.1, 
47.84 


Now, 7.2 of lime require 6.95 of muriatic acid, and 
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9.3 of magnesia, 18.6 of sulphuric acid for saturation, 
thus leaving an excess of 2.69 of muriatic acid.. But 
2.69 of this acid require 3.1 of soda to form muriate of 
soda, so that, in this instance, we would be right in in- 
ae the deficiency to be soda. 

For fuller information on the modes of conducting the 
analysis of mineral waters, the reader is referred to the 
Essays of Bergman, Kirwan, and Scudamore, on Mine- 
ral Waters, Murray’s paper, Ed. Ph. Tr. viii. Thenard’s 
Analytic Chemistry, translated by Children. See also 
Faraday’s Chemical Manipulation, where much valuable 
information is given with respect to the mode of con- 
ducting chemical experiments. 


DETECTION oF PolIsons. 


The substances generally administered as poisons, in 
this country at least, belong to the mineral kingdom ; 
indeed, almost the only ones employed are, arsenous 
acid, corrosive sublimate, and sugar of lead. Of late, 
however, oxalic acid, hydro-cyanic, and some of the pre- 
parations of opium, have been used, the last particular- 
ly, on the continent. It is my intention, in this section, 
to describe the methods of detecting these, when they 
are supposed to exist in the contents of the stomach or 
alimentary canal. 


Detection of Arsenic. 


When arsenic is administered as a poison, it is usually 
in the state of arsenous acid, in which form it is soluble 
in water, so that in cases of this kind it is to be looked 
for in the contents of the stomach, and upper part of 
the alimentary canal, or in any matter. that may have 
been ejected by vomiting. When given, however, in 
considerable quantity, it may be observed in white pow- 
_ der among the ruge of the coats of the stomach, in 

which last case it is easily detected; but wher it is: in 
the fluid contents, its detection becomes a matter of con- 
siderable difficulty, not so much from the want of. tests, 
as from these being so liable to be affected by the sub- 
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stances likely to be present; and it is from not keeping 
this in view, that we have such discordant statements 
with respect to it. Indeed, it is to be regretted, that 
many who have had the merit of recommending delicate 
tests of arsenic, have entirely overlooked this; for had 
they operated on fluids of as compound a nature as the 
contents of the stomach, instead of transparent colourless 
ones, they certainly never would have asserted, as some. 
have done, that there is no necessity for having recourse 
to other tests, those recommended being so delicate as at 
once to detect arsenic, though dissolved in several thou- 
sand parts of water. | | 

‘These remarks are applicable to the liquid tests, as 
‘they are called, which, though sufficiently delicate, are 
extremely fallacious ; and hence the necessity of having 
recourse to experiments in the dry way, or the reduction 
of the matter, so as to make it yield arsenic in its metal- 
lic state; indeed, in every case of suspected poison, un- 
less we succeed in this, however delicate the liquid tests 
may be considered, we are, even though we procure pre- 
cipitates, by no means warranted in concluding that arse- 
nic is present. We ought to recollect, that the life of a 
fellow being is at stake, and that on our conclusion de- 
pends, in a great measure, the verdict of the jury. 
Hence also the necessity of proceeding to the analysis 
with a mind altogether unbiassed. As chemists, we ought 
to have nothing whatever to do with the symptoms pre- 
vious to death, nor the appearances on dissection, and far 
less with any evidence that is to be brought against the 
prisoner ; indeed, it would: be well, if, in every case of 
the kind, the suspected fluid were given to others, than 
to those who have been engaged, either in the treatment 
of the patient, or in the inspection of the body, as it has 
too often happened, that from what has been observed 
before and after the death of the person suspected to be 
poisoned, individuals have undertaken the analysis of 
the contents of the stomach, in the hopes that they would 
detect arsenic, and must have of course grasped eagerly 
_ at every circumstance that gave even the faintest evi- 
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dence of its presence; and hence it has happened, that 
from a combination of these, they have come to the con- 
clusion, that they have detected it, when in reality they 
had no grounds for doing so. 

- Though little or no reliance is now placed in the h- 
quid tests, I think it proper to notice them, chiefly with 
the view of pointing out their fallacies, and also because 
some of them are employed to afford precipitates, from 
which we endeavour to procure the poison in its metallic 
state. They are sulphate of copper, nitrate of silver, 
and sulphuretted hydrogen. _ ALIN 

Sulphate of copper. When solution of sulphate of cop- 
per is added to that of arsenous acid, there is no decom- 
position, but when an arsenite is employed, a green pow- 
der, well known by the name of Scheele’s green, an arse- 
nite of copper, is deposited. _It has therefore been re- 
commended to boil the fluid suspected to contain arsenic, 
with sub-carbonate of potass, and after filtration, to add 
the test,—if arsenic is present, the green precipitate will 
appear. | 

The introduction of the alkaline carbonate, however, 
gives rise to fallacy, because sulphate of copper 1s decom- 
posed by it, and a carbonate is deposited, which, though 
it is easily distinguished from the arsenite when thrown 
down from a colourless liquid, the one being blue, the 
other green, yet, as in experiments of this nature, it is 
more than likely that we are operating on a coloured 
fluid, we are not to expect it to be of its proper colour. 

We find, accordingly, that the carbonate of copper, when 
formed in a fluid of this kind, frequently cannot be dis- 
“tinguished from the arsenite, owing to its having taken 
the colouring matter along with it. It is stated by some, 
however, that by repeated washing, the-precipitate, if a 
carbonate, will become blue, the coloured medium through 
which it is viewed being removed ; but this is not always 
the case, the colouring matter being frequently so inti- 
mately incorporated with it, that it cannot be separated. 

To get quit of the fallacy arising from the use of car- 
bonate of potass, it has been recommended to employ 
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ammonia, which, though it occasions a precipitate from 
the test, almost instantly re-dissolves it. The form in 
which it is generally employed, is the ammoniuret of 
copper, which, when added to arsenous acid, causes the 
formation of the green precipitate. Even in this form, 
however, it is not free from fallacy ; for, allowing that 
there is no arsenic, should phosphoric acid, or any of its 
salts, be present, phosphate of copper is deposited, which, 
though blue, may, from its taking the colouring matter 
along with it, assume the appearance of the arsenite. 
From the above remarks, it is evident that the copper 
test cannot be relied on when employed in the manner 
stated. There is one method, however, of using it, 
. provided we wish to trust to liquid experiments, appa- 
rently free from fallacy. It is, to add the sulphate to 
the fluid, not boiled with any alkaline matter, filter if 
necessary, and to the filtered fluid add a drop of ammo- 
nia, by which, should a green precipitate be formed, it is 
likely to be an arsenical one; for, on the addition of the 
test, any phosphate present must have been precipitated. 
Nitrate of silver.. When nitrate of silver is added to 
arsenous acid, there is no decomposition, but when an 
arsenite is employed, a yellow precipitate, an arsenite of 
silver, is deposited. It has been proposed, therefore, to 
use the nitrate as a test of arsenie; but as it is liable 
to be affected by other substances, different methods of 
employing it have been recommended. If the fluid sup- 
posed to contain arsenic, has been boiled with carbonate 
of potass, the alkaline carbonate itself, even though no 
poison is present, will throw down a precipitate, which, 
though of a colour altogether different from that of the 
arsenite, yet may, from its taking colouring matter along 
with it, assume somewhat of the same appearance. To 
get quit of this source of error, it has been proposed to 
employ ammonia, which, though it at first acts on the 
nitrate, throwing down a precipitate, yet instantly re- 
dissolves it ; and as arsenical precipitates are also soluble 
in this alkali, with the view of avoiding an excess, it has 


been proposed by Mr Hume (Med. Ch. Tr. ii.) to em- 
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ploy the ammoniuret, prepared by adding water of am- 
monia to the solution of the nitrate of silver, till nearly 
the whole of the precipitate at first formed, is re-dissoly- 
ed. When this is added to a fluid containing arsenous 
acid, of course not boiled with any alkaline matter, the 
yellow arsenite is formed. 

Though, by using the test in this way, one source of 
fallacy is got quit of, yet other substances than arsenic 
may, and frequently do exist in the fluid, which will 
throw down precipitates that may be mistaken for it. It 
is well known that nitrate is decomposed by sea salt, and 
though the precipitate, when pure, is white, yet by its 
combining with colouring matter its appearance may be 
altered. Phosphate of soda is also another which de- 
composes the nitrate, and throws down a precipitate so 
nearly the same as that of the arsenite, that it is difficult 
to distinguish them *. 

Though the test is liable to fallacy when used in the 
manner stated, yet there is one way of applying it appa- 
rently free from it. It has been already mentioned that 
nitrate of silver is not affected by arsenous acid, but 
that sea salt and a phosphate decompose it ; hence a me- 
thod of getting quit of the sources of fallacy, indeed it 
is the only way of using the test that can be relied on. 
For this purpose, nitrate of silver is added to the fluid, 
not boiled with any alkaline matter, by which the mu-, 
riates and phosphates, if present, are deposited, taking 


“ It has been mentioned by writers of high authority, that we never can 
mistake the phosphate for the arsenite, the one being a flocculent precipitate, 
the other a fine powder ; and as the one is of a dark, the other of a pale yel- 
low colour ; statements made by such as must have performed their experiments 
on dransparent colourless fluids, which we are not to expect when examining 
one suspected to contain poison ; but even allowing that we do, surely no one 
would, from such a slight difference in the appearance or colour of a precipi. 
tate, swear to the presence of arsenic, when the life of a fellow being is at 
stake., It has been mentioned, also, that the phosphate is distinguished from 
the arsenite, by its instantly becoming of a dark brown colour when expos- 
ed to sunshine, while the arsenite changes its colour slowly, [Paris’s Pharma- 
cologia.] Now, though this enables us to say that phosphate is present when 
the precipitate is blackened, yet it does not indicate whether or not there is 
any arsenite, 
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along with them the whole or greater part of the colours 
ing matter, so that the fluid, when filtered, passes through 
nearly colourless; and on the addition of ammonia, will, 
if it contain arsenic, give a yellow precipitate. As, how- 
ever, the arsenical precipitate is soluble in this alkali, we 
must be cautious in the addition of it, for any excess 
will prevent its deposition. ‘The safest way of using it, 
is to put it on the end of a rod; or the rod dipt in am- 
monia, may be held over the surface of the fluid, which 
will instantly be covered with a yellow crust. 
Sulphuretted Hydrogen. When sulphuretted hydro- 
gen is passed through a fluid containing arsenous acid, 
a yellow precipitate, a sulphuret, is formed. It must 
not, however, be supposed from this, that sulphuretted 
hydrogen may, in this way at least, be employed as a 
test; there are several other metallic salts that yield a 
precipitate nearly of the same colour, as those of anti- 
mony and cadmium; but though fallacious when thus 
employed, the sources of error may be removed. When 
the gas is passed through solution of an arsenite instead 
of arsenous acid, there is no precipitation of the arsenic, 
the alkali preventing the formation of sulphuret ; but on 
the addition of any acid to neutralize the alkali, the sul- 
phuret is formed and deposited. Hence a method, and 
it is probably the best, of using sulphuretted hydrogen 
as a test, not only because, by the introduction of the al- 
kali, most metallic salts will be decomposed, but the ar- 
~ senous acid is itself rendered more soluble by its uniting 
with it; besides, should sulphuret of arsenic have been 
administered as the poison, though insoluble, it is acted 
on by the alkali, and afterwards becomes soluble. In 
using the test in this way, the fluid ought to be boiled . 
for some time with potassa, and sulphuretted hydrogen 
passed through it when cold, after which it must be fil- 
tered, and to the filtered liquor a few drops of any acid 
added; if arsenic is present, the sulphuret will be depo- 
sited generally of its proper yellow colour; for by the 
transmission of the gas through the fluid, there is usual- 
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ly precipitation, by which part or the whole of the co- 
louring matter is removed *. 

Chromate of Potass.—When this salt is added to solu- 
tion of an arsenite, the fluid acquires a green colour from 
the arsenous, depriving the chromic acid of part of its 
oxigen, and converting it to oxid, which is held in solu- 
tion; and hence it has been recommended by Dr Cooper 
as a delicate test of arsenic, (Silliman’s American Journ. 
iii.) This is not, however, to be considered a test of ar- 
senic, for there are other substances that will produce a 
similar effect ; besides, it is of no value whatever unless 
we are operating on a transparent colourless fluid. 

Lests by reduction. From what has now been said, it 
is evident that the detection of arsenic by liquid tests, in 
fluids containing a variety of ingredients, particularly 
vegetable and animal matter, as is likely to be the case 
with the contents of the stomach, is by no means so easy 
as has generally been described, the tests being so liable 
to be affected by the substances present. (See a paper 
on this subject by Dr Christison, Ed. Med. and Surg. 
Journ.) This has led to the necessity of having re- 
course to experiments in the dry way, or the reduction of 
the matter so as to make it yield arsenic in its metallic 


* Instead of passing the gas through the fluid, boiled with potassa, some 
have recommended that a hydro-sulphuret should be used ; but this mode of 
applying the test is very fallacious, for should the hydro-sulphuret not be 
recently prepared, it may have become sulphuretted hydro-sulphuret, in 
which state it will yield a yellowish precipitate when the acid is added; which 
is merely the excess of sulphur of the salt. Some have even recommended a 
sulphuretted hydro-sulphuret as a test, remarking that, on adding it to a fluid 
containing arsenous acid, a yellow sulphuret is depesited. Now, though in 
this instance a yellow powder is precipitated, it does not contain arsenic. The 
arsenous acid acts in the same way as any other acid, it unites with the alkali, 
liberates sulphuretted hydrogen, and deposits the excess of sulphur, so that the 
whole of the arsenic remains in solution. This shews how completely inert 
the sulphuretted hydro-sulphuret of potass must be when given as an anti- 
dote, unless an acid is administered at the same time to remove the alkali 
which the arsenic has taken from it, and allow the sulphuretted hydrogen to 
form sulphurct. 
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state, which is to be known either by its smell when in 
vapour, or by its appearance. =: 

When arsenous acid is thrown on burning coals, or 
when it is mixed with charcoal and put ona red hot plate 
of iron, it is reduced and converted into vapour, in which 
state it emits the odour of garlic. It has been proposed, 
therefore, to evaporate part of the suspected fluid to dry- 
ness, and treat it in the way stated, by which, should 
arsenic be present, the alliaceous odour will be emitted ; 
but this is not to be depended on, for substances fre- 
quently exist in the contents of the stomach, which will, 
when heated, give a similar smell; and again, though the 
fluid contains arsenic, we may fail in perceiving it, owing 
to the decomposition of the animal and vegetable matter, 
and the evolution of gases, having a strong odour. 

Another method recommended, and still practised by 
some, is to place a little of the residue of the evapora- 
tion; along with black flux, between two copper plates, 
tied together by wire, and subject it to a red heat; if ar- 
senous acid is present, the carbon of the flux will deprive 
it of its oxigen, and reduce it to the metallic state, and 
the copper, from its combining with it, will acquire a 
dense white coating. This test is, however, more falla- 
cious than any of the others, for other metallic salts, 
particularly those of antimony, communicate to copper 
a coating, which it is impossible to cisuine way from that 
of arsenic. | 

There is still another mode, and which, if we succeed 
in it, is decisive of the presence of arsenic ; but there are 
difficulties attending the performance of the expenmints 
that render it by no means to be depended on. | 

When arsenous acid is mixed with black flux and heat- 
ed, the arsenic is brought to its metallic state, and as it 


~* Tt has been proposed by Phillips, to decolorize the fluid by filtering 
it through animal charcoal, by which, certainly, we are enabled by the 
use of the tests to obtain the precipitates of their proper colour; but 
even though we do, it is necessary to attempt the process of reduction 
with them, so that the procuring them in this state is of little consequence. 


ARSENIC. 445 


is easily volatilized, it rises in vapour; so that by con- 
ducting the experiment in close vessels, it may be con- 
densed and collected. The best apparatus for this pur- 
pose, is a glass tube, the size of which must depend on 
the quantity of matter to be decomposed. Having put 
the mixture at the bottom of it, it is to be heated, by 
which the arsenic in vapour rises, and is condensed the 
moment it comes in contact with the cold part of the 
tube, giving to it a dense metallic coating, resplendent 
like a mirror, next the glass, but of a grey colour, and 
with a crystalline appearance, on the inside *. 

With the view of detecting arsenic in this way, it has 
been recommended to treat some of the residue of the 
evaporation in the manner described, by which it is pre- 
sumed, that, if present, the glass will become coated ; 
but this experiment seldom succeeds, because the vege- 
table and animal matter, undergoing decomposition, gives 
off gaseous fluids, which either carry away the arsenic, 
or diffuse it so much over the tube, that it is impossible 
to observe it; and hence we frequently fail in detecting 
it, though sufficient quantity is present to have given the 
metallic coating, were it not for the circumstance stated. 

From what has been said, it is evident that little re- 
liance can be placed in the modes of detecting arsenic 
now enumerated, for though the liquid tests may be used 
so as apparently to be free from fallacy, yet it may, and 
frequently does happen, that we do not get the precipi- 
tates of the proper colour, while by the dry experiments 
we may fail in detecting it though present. ‘The tube 
experiment, it has been said, when it does succeed, is by 
far the best, and quite decisive of the presence of arsenic. 
All that is wanted, then, is to get quit of the obstacles 


® The mode of preparing black flux has been described at p. 233. It is pre- 
ferred to powder of charcoal, because, owing to its containing carbonate of 
potass, the arsenous acid is converted to arsenite, and is thus rendered fixed ; so 
that the temperature may be raised sufficiently without any danger of driving 
it off before it is decompesed, which is generally the case when charcoal alone 
is used. 
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to its success, and which is done by using some of the 
precipitates instead of the residue of the evaporation, 
because the arsenic, if present, is then in a state of con- 
centration, and is free ina great measure from animal 
and vegetable matter, which are the causes of failure. 
From all the precipitates arsenic can be obtained, but the 
reduction is most easily effected with the nitrate of silver 
ore, and with that by sulphuretted hydrogen. 

Suppose then a fluid given with the view of ascertain- 
ing whether it contains arsenic; it is to be boiled, filtered 
if necessary, and solution of nitrate of silver added as 
long as it throws down a precipitate, after which it must 
be again filtered, and put in ammonia cautiously. If a 
precipitate of a yellowish colour is formed, it is probable 
that it is arsenite of silver, but to be certain that it real- 
ly is so, 1t must be submitted to the process of reduction. 
For this purpose, having collected it on a filter, and 
dried it, it must be mixed with three or four times its 
bulk of black flux, placed in a glass tube of about 6 or 
8 inches in length, and from 1-8th to 1-4th of an inch 
in width, and heated by means of a spirit lamp. Should 
any moisture be given off, it must be removed by means 
of a wire with a little tow, and the heat continued till 
the end of the tube becomes red, and if arsenic is: pre- 
sent, it will rise in vapour, and be condensed on the cool 
part of the apparatus, giving the dense metallic coating, 
with a well defined edge next the mixture. To be satis- 
fied that this is really arsenic, a part of it may be remov- 
ed by a wire, and placed on a hot plate, by which it will 
rise in vapour, and give the alliaceous odour. Or if the 
coated part of the tube be held over the flame of a spirit 
lamp, the coating quickly flies off to another part, giving 
to it the same appearance. Another and perhaps still 
more decisive method is that recommended by Dr Tur- 
ner, (papers by Dr Christison, Med. Chir. Tr. of Ed. ii.). 
After having freed the tube from moisture or other im- 
purities, and closed the end of it, the coating is to be 
driven up and down by the heat of a lamp, by which, if 


it is arsenic, it will unite with oxigen, be converted to 
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oxid, and adhere to the glass m minute crystals, general- 
ly of an octohedral form *. 

The precipitate by means of sulphuretted hydrogen 
may be treated in the same way, but different means are 
followed in. procuring the precipitate itself. Some re- 
commend that the fluid, after being boiled and filtered, 
should have a stream of sulphuretted hydrogen passed 
through it, having, however previously added a little 
acid, such as acetic, to neutralize any alkali that may be 
present, by which the action of the gas on the arsenic is 
prevented. (See Dr Christison’s paper already referred 
to.) I prefer, however, the method already noticed in 
explaining the use of the tests in the liquid way, be- 
cause we not only get the whole of the poison in solu- 
tion, whether it be arsenous acid or sulphuret, but also 
remove other metallic matter, which might render the 
process more liable to failure. Having boiled the fluid, 
then, with potassa for some time, and filtered it while 
warm, a stream of sulphuretted hydrogen is passed 
through it when it has become cold, after which it must 
be again filtered, if necessary. 'To the filtered liquor 
diluted sulphuric or muriatic acid, or, which answers 
equally well, acetic acid, is to be added, and if a precipi- 
tate appears, it must, after collecting it, be submitted to 
the process of reduction as already described, using the 
precautions noticed, both as to the mode of conducting 
the experiment, and the necessity, provided the tube ac- 
quires a coating, of proving that it is an arsenical one. 


* A spirit lamp is preferred as a means of applying heat, because the tube, 
when put into a chauffer, is apt to be melted, and allow the arsenic vapour to 
escape. Too great heat ought also to be avoided, because the glass, if it con- 
tain oxid of lead, which it generally does, is decomposed, the charcoal depriv- 
ing the lead of its oxigen, and setting free metallic lead, gives to the tube an 
appearance, which by an unexperienced eye may be icieteien for arsenic. 
Instead of subjecting the precipitate to this process, it may be washed with 
muriatic acid, by which, if it is arsenite, the oxid of silver, will be deposited 
as a chlorid, and the arsenous acid will be left in solution ; by evaporation to 
dryness, and heating the residue with black flux in the tube, it will give the 


coating. 
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If, in the contents of the stomach or alimentary canal, 
any white or yellowish particles be observed, they must 
be removed, placed in a glass with solution of potass, 
and boiled, by which, if it is arsenous acid, it will become 
arsenite; or if sulphuret, it will be dissolved. If the 
former, nitrate of silver and sulphuretted hydrogen, along 
with an acid, will throw down yellow precipitates; if 
the latter, all that is necessary, is to add an acid, by 
which the sulphuret will be deposited. To prove that 
these are arsenical precipitates, they must be ' submitted 
to the process of reduction. ; 

With respect to the quantity of arsenic necessary to 
insure success, it has been mentioned, that 1-10th, nay; 
that less is sufficient, as from it the metallic coating can be 
easily procured; it has even been said, that fromthe 1-50th, 
or from the 1-100th of a grain, a decided crust is given 
to the tube, provided it is small enough; but this hap- 
pens only when there is no other matter present. The 
case is altogether different when the arsenic is held in 
solution in the contents of the stomach ; for though from 
it we may obtain-precipitates, even though avery minute 
quantity is present, yet when we have to procure from 
these the metallic coating, we may fail, owing to the ani- 
mal or vegetable matter which they may contain under- 
going decomposition, and evolving gases, by which the ar: 
senic, in its vaporific form, is carried out of the tube. 


Detection of Mercury. 

The same remarks are applicable to the Epp on of 
mercury, as have been already offered when describing 
the modes of detecting arsenic. ‘Tests have been recom- 
mended, which, provided we are working on a transpa- 
rent colourless fluid, are extremely delicate; but in this, 
as in other cases of poison, we must Jay our account with 
operating on a fluid, not only coloured, but containing 
different ingredients, which may affect the tests; and 
hence the necessity of not being satisfied with the results 


of our experiments, unless we vessels procure we 
in its metallic state. 
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The mercurial compound, administered as a poison, is 
corrosive sublimate, which being soluble, must, of course, 
be looked for in the fluid contents of the stomach, or 
upper part of the intestinal canal. 

~Muriate of mercury is decomposed by alkalies and 
earths, but the colour of the precipitates differs. That 
with potassa and soda is of a brick-red colour, while 
that with ammonia is white; the former being a hy- 
drated oxid, the latter a triple ammoniaco-muriate, 
(p- 59.) Sulphuretted hydrogen, when passed through 
solution of the muriate, gives a black precipitate, and 
the same also happens with a hydro-sulphuret. Muriate 
of mercury may also be decomposed by the immersion of 
gold, if a galvanic action be also excited, as by touching 
it with a piece of zinc or iron, by which it is amalga- 
mated at the points of contact ; but though all of these 
answer well for indicating the presence of mercury in 
common instances of analysis, the necessity of procur- 
ing it in its metallic state, in cases of poisoning, must be 
obvious. 

Though the alkalies and earths are not to be consi- 
dered as tests of mercury, yet, by decomposing the mu- 
riate, they afford a means of procuring precipitates, 
from: which we can obtain mercury in its metallic form, 
by the common process of reduction. Suppose, then, we 
wish to ascertain if, in the contents of the stomach, there 
is any corrosive sublimate, the fluid must be boiled and 
filtered, and to the filtered liquor, solution of potassa, of 
soda, or of ammonia added. If a precipitate is formed, 
it must be collected on a filter washed and dried in the 
usual way *; and after being mixed with three or four 
times its bulk of black flux, and placed in a tube, it is 
to be heated by a spirit lamp. If mercury is present, it 
will rise in vapour, and be condensed in minute globules. 
on the cool part of it, the carbon removing the oxigen, 
and leaving the mercury:in its metallic state. 


* The precipitates formed by potassa cand soda merely lose their moisture, 
but that by ammonia gives off also muriate of ‘ammonia, and becomes oxid ; 
so that they are a!l of the same nature after being dried. 
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If any white particles be observed adhering to the 
coats of the stomach, it can be proved whether they 
are corrosive muriate, by dissolving them in water, and 
treating the solution as already described. 

If Calomel has been administered, as it is insoluble, it 
is likely to be found adhering to the coats of the stomach. 
Perhaps the best mode of proving that the powder, in 
this case, contains mercury, is to remove it from the sur- 
rounding medium, wasli it with a little water, and then 
pour some solution of potassa on it, by which it is in- 
stantly changed to black oxid, (p. 53.) After having 
washed and dried it, it is to be heated with black flux in 
a tube, by which globules of mercury will appear. 


Detection of Lead. 


‘Though lead is very easily detected in common: cases 
of analysis, yet, as we do not obtain the precipitates of 
their proper colour when operating on the contents of the 
stomach, we must have recourse to the process of reduc-. 
tion, to be satisfied-that lead is present. ‘The compound 
of lead administered as a poison, is the acetate, which is 
decomposed by sulphuretted hydrogen, and by hydro- 
sulphurets, and also by sulphuric acid and sulphates, the 
former yielding a black, the latter a white precipitate ; 
the one a sulphuret, the other a sulphate, both of which 
are decomposed by heat and charcoal, the sulphur from 
the first, and the acid and oxigen from the last, being 
driven off, so that metallic lead is left. — | 

With the view, then, of ascertaining whether the fluid 
contains lead, having boiled and filtered it, a solution of 
any hydro-sulphuret, or of a sulphate, is to be added ; 
and if a precipitate is formed, it must be collected in the 
usual way, and dried, but removing it from the heat be- 
fore the whole of the moisture is expelled. It is then to be 
placed in a little cavity made in charcoal, and kept be- 
fore the flame of a blow-pipe for some time, applying the 
heat cautiously at first. If it contain lead, a globule of 
it will be gradually formed and collected in the cavity. 
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That it is lead, may be known by its being easily cut, 
by its being soluble in nitric acid, and its solution yield- 
ing a black precipitate with hydro-sulphurets, and a 
white one with sulphates; but there is scarcely any ne- 
cessity for having recourse to this, as the appearance of 
the globule, when cut, is quite characteristic. 


Detection of Oxalic Acid. 


The detection of vegetable poisons is equally difficult 
with that of the mineral ones; for though we have very 
delicate tests of them when they exist in a transparent 
colourless solution; yet, as the colouring matter, and 
other substances in the contents of the stomach, alter the 
appearance of the precipitates, it is evident that we must 
have more decisive proofs of their presence. 

When oxalic acid has been swallowed, as it is soluble, 
it is of course to be looked for in the fluid contents of 
the stomach; so that with the view of detecting it, hav- 
ing first tried whether there is any free acid, the liquor 
must be boiled with sub-carbonate of potass, by which 
the acid is converted to oxalate, and becomes much more 
soluble. It is then to be filtered when warm, and should 
there be any excess of alkali, it must be neutralized by 
acetic acid, after which solution of muriate of lime is to 
be added, by which, if oxalate is present, a whitish 
precipitate will fall. To be satisfied that this contains 
oxalic acid, it must, after being washed and collected in 
the usual way, be boiled with carbonate of potass, then 
filtered, and any excess of alkali in the filtered liquor 
saturated as before with acetic acid. If the solution 
contains oxalate, it will give a white precipitate with 
lime water. It will yield precipitates also with metallic 
salts, those of zinc, tin, lead, and manganese being white, 
of copper and nickel bluish green; but perhaps the 
most decisive test is the decomposition by means of ni- 
trate of silver, and formation of a white precipitate, 
known to be oxalate, by putting a little of it, properly 
washed and dried, on a piece of platinum foil, and hold- 

rf 
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ing it over a spirit lamp, by which it detonates, though 
feebly. (Christison on Poisoning by Oxalic Acid.) — 


Detection of Hydro-cyanic Acid. 


When hydro-cyanic acid has been swallowed, the con- 
tents of the stomach have, in general, the peculiar odour 
of bitter almonds, or of laurel leaves, and the acid can 
be detected in it by the addition of re-agents. If, for 
instance, to the liquor, boiled with aqua potasse, and fil- 
tered, a few drops of solution of sulphate of iron be add- 
ed, having previously neutralized the excess of alkali by 
any acid, Prussian blue is instantly deposited. It may 
be difficult, however, nay, perhaps impossible, to judge 
of the colour of the precipitate ; so that in this case we 
must have recourse to more decisive tests. If the pre- 
cipitate, after being washed and collected in the usual 
way, be boiled with aqua potasse, it will, if it is 
Prussian blue, yield a solution of ferro-cyanate of potass, 
(p. 15.) which can be proved to be so by the addi- 
tion of sulphate of iron, having previously neutralized 
excess of alkali. For these experiments, solution of per- 
sulphate of iron (the piniostiphipte long ene to vate 
must be used. 

Another and equally ke ies test, is to agitate the fil- 
tered contents of the stomach, but without adding alkali, 
along with red oxid of mercury, by which hydro-cyanate 
of mercury is formed, and which, when evaporated to 
dryness, will yield cyanogen gas by the application of 
heat. For this purpose, the evaporated residue being 
carefully dried, must be put into a small tube, on the 
open end of which the fore-finger is held. Heat is then 
to be applied by means of a spirit lamp, by which, if it 
be cyanuret, mercury will rise in vapour, and be condens- 
ed in globules, and the tube will be filled with cyanogen 
gas. ‘I’his may be known by its odour, but more parti. 
cularly by applying the mouth to the lamp, by which 
the gas will be observed to burn with the rose red flame 
peculiar to it. This experiment, with ‘pure cyanuret, 
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will succeed with 1-4th of a grain, but as we are not to 
expect the residue of the evaporation to be pure, a grain 
will, perhaps, in most cases be necessary. 

If the contents of the stomach are likely to yield nanlh 
animal and vegetable matter by evaporation, instead of 
following the process described, it will be better to de- 
compose the precipitate thrown down by sulphate of 
iron ; for which purpose, it must be boiled with red oxid 
of mercury, and the solution, after filtration, evaporated 
to dryness, (p. 18.) The residue is then to be heated in 
the tube, to try to get cyanogen from it. 

Instead of adding tests to the contents of the stomach, 
Lassaigne (An. de Chem. xxvii.) has proposed to sub- 
ject it to distillation, by which, if free hydro-cyanic acid 
is present, it will come off in vapour, and be condensed 
in the receiver along with water; and as the product is 
colourless, it will, on the addition of the salt of iron, 
yield the precipitate of the proper blue colour. This 
mode of detecting hydro-cyanic acid, answers well, unless 
it has combined with free alkali in the contents of the 
‘stomach, in which case it is necessary to add an acid to 
decompose its salt, and set it at liberty. 

The result of the iron test may be confirmed by agitat- 
ing the distilled liquor with red oxid of mercury, and 
trying to get cyanogen gas from it, after evaporation to 
dryness, as already described. 

The analysis of a fluid, with the view of detecting hy- 
dro cyanic acid, should be performed as soon as possible, 
because it quickly undergoes decomposition when in con- 
tact with putrefying animal or vegetable matter. Las- 
saigne failed in detecting it in the contents of the sto- 
mach of a rabbit, a few days after it was poisoned by it. 


Detection of Opium. 


Though opium may in general be detected : by its 
smell, it can also be indicated in solution by the addition 
of re-agents. It has been already mentioned, (p. 248. 
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251.) that there exist in opium both meconic acid and 
morphia; and as the former is precipitated by metallic 
- salts, we have thus a-means of showing its presence, and 
also that of opium. The most delicate test is that point- 
ed out by Dr Hare, (Silliman’s Journ. xii.) It con 
sists in adding acetate of lead to the fluid suspected to 
contain opium, by which meconate of lead is deposited. 
Having poured off the supernatant liquor, and washed 
the precipitate, a few drops of sulphuric acid, and imme- 
diately afterwards, about as much of the solution of red 
sulphate of iron, must be poured on it, by which the me- 
conic acid is set at liberty, and, acting on the iron, com- 
municates to it a deep red colour. According to Hare, 
opium can thus be detected in a fluid composed of ten 
drops of laudanum and half a gallon of water. 

If, instead of a salt of iron, sulphate of copper be 
used, the fluid becomes emerald green. 


Assay oF Porasutrs, Keir, ano Baritia. 


These substances are prized for the quantity of alkali 
they contain, either free, or in union with carbonic acid, 
or sulphuretted hydrogen. As sulphuric acid will unite 
with the potass in the first, and with the soda in the two 
last, the quantity of this they require for neutralization 
affords an easy method of finding their value. For this 
purpose, it is first necessary to prepare an acid of 
known strength, that is, one the quantity of real sulphuric 
acid in which is known. This is done by diluting it with 
water, and after it has cooled, taking its specific gravity. 
The table given in the Appendix, will show how much 
real acid 100 parts by weight contain. Thus, 100 grains 
of acid, of specific gravity 1141, contain 16.31 of real 
acid. Now, as 100 grains of real acid unite with 120 of 
potassa, and with 80 of soda, we have merely to take a 
certain quantity of the article, and having dissolved it, 
try how much of the diluted acid it will take to saturate 
its alkali. Thus, let 100 grains be dissolved in water 
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by boiling, filter the solution, and pour on boiling water 
on the filter, till the whole of the soluble matter is taken 
off, which is known by its not making litmus paper blue 
as it comes through; next take a measure graduated so 
as to hold 100 grains by weight, and having filled it 
with acid, add it drop by drop to the solution, till the 
litmus paper becomes red, which will shew that there is 
an excess of acid, in other words, that the whole of the 
alkali has been saturated. 

" Suppose that the acid is of sp. gr. 1141, containing, as 
the table shows, 16.31 of real acid, and that the 100 
grains of the article have taken 97 for saturation, then, 

as 100: 16.31::97: 15.82; 
and as 100 of acid combine with 120 of potass, then, 
as 100: 120:: 15.82: 18.98 ; 
so that the 100 grains of the article contain 18.98 of po- 
t assa. 
The same method must be followed with kelp and 
barilla. Suppose that 100 grains have taken 54 of di- 
luted acid, then | 
100 : 16.81: : 54:88; 

and as 100 of acid unite with 80 of soda, then, 
as 100: 80:: 88: 7.04; 

so that 100 grains would contain 7.04 of soda. 

Another method of experimenting, and attended with 
much less trouble, by which we are more likely to find 
the average quantity of alkali, is to put 2000 grains of 
the article into a flask with 12 oz. of boiling water, and 
cork tightly. By leaving them together for three or 
four days, shaking frequently, the whole of the soluble 
matter is dissolved, so that, if 6 oz. be filtered off, we 
get the solution of 1000 grains, which may be tried 
with the acid, as already described. | 

Though by this mode of conducting the experiment, 
there must be a difference in the bulk of the fluid, owing 
to the diminution of temperature, yet the addition of 
the alkaline matter causes a slight enlargement, so that 
the one nearly counteracts the other ; and hence, by tak- 
ing at a natural temperature half the measure of the li- 
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quid used at 212, we get as nearly as possible, and suffi- 
ciently accurately for manufacturing purposes, the solu- 
tion of half of the article employed. raSIaw 4 

In analysing these substances, as they vary much in 
their composition, it is necessary to select pieces from dif- 
ferent parts of the cargo, all of which should be ground 
to powder, and the requisite quantity taken from this. 

Particular attention must also be paid to the redden- 
ing of the litmus paper, because it is affected by the car- 
bonie acid, or sulphuretted hydrogen disengaged from 
the alkali by the addition of the sulphuric acid; so that 
we may suppose we have reached the point of satu- 
ration, whereas the reddening may be occasioned by the 
gases. ‘This is, however, easily known by holding the 
paper before a fire; if it be reddened by them, the ori- 
ginal colour of the litmus returns, because they are 
expelled ; but if it be by sulphuric acid, it is permanent ; 
we must therefore add acid till the red does not disap- 
pear by heat. 

As kelp and barilla contain alkali in union with sul- 
phuretted hydrogen, it has been proposed by Gay Lus- 
sac, (An. de Ch. xiii.) to convert the latter into sulphu- 
ric acid, by mixing the solution with chlorate of potass, 
evaporating to dryness, and exposing the residue to a 
red heat. This method is, however, seldom practised, 
the other being sufficiently accurate for manufacturing 
purposes, : 


Assay or LimEsrTone. 


As the different kinds of limestone vary considerably 
in their composition, it is of the utmost consequence to 
ascertain the quantity of lime, which is done by a very 
simple process. : | 3 

Put about an ounce of muriatic acid, diluted with 
about an equal quantity of water into a flask, and equi- 
poise it; then take 100 grains of the limestone, reduced 
to small pieces, and having placed the flask on its side, 
put in a few of the fragments, and when they are dis- 
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solved, throw in more, and in this way continue the ad- 
dition till the whole is used. The carbonic acid will be 
thus expelled, so that by knowing how much is given off, 
we find the quantity of lime. For this purpose, after 
the effervescence is ceased, blow into the flask with bel- 
lows, to remove the whole of the gas, and again weigh, 
keeping the original equipoise, and the 100 grains in the 
opposite scale. The loss of weight is the carbonic acid, 
and which must have been in union with the lime. Now, 
carbonate of lime is composed of 46 of acid, and 56 of 
lime; so that, by the rule of proportion, we find the 
quantity of lime. Thus, suppose 100 grains of the lime- 
stone have lost 23 of acid, then, 
as 44: 56: : 23: 33.8, 

so that it contains 33.8 per cent. of lime. 

Though this process is extremely simple, and when 
the limestone is pure, is sufficiently accurate, yet it 1s 
not altogether free from fallacy. Limestone occasionally 
contains carbonate of magnesia, in which case the acid 
gas evolved does not give the quantity of lime. It may 
be necessary, therefore, to ascertain whether magnesia 1s 
present. Magnesian limestones are distinguished from 
common limestones, by the difference in the action of 
acids, the former being dissolved very slowly, the latter, 
even the most indurated of them, quickly. But a more 
certain method is to apply tests to the solution; and for 
this purpose, having, after neutralizing excess of acid, 
removed the lime by oxalate of ammonia, add to the fil- 
tered fluid carbonate of ammonia and phosphate of soda, 
by which, if magnesia is present, the ammoniaco-magne- 
sian phosphate will be formed. Should the limestone 
contain magnesia, the proportion of the earths is ascer- 
tained, by dissolving 100 grains in muriatic acid, neu- 
tralizing the excess of acid after filtration, and precipi- 
tating, as above mentioned; indeed, the process to be 
followed is the same as has been described under mine- 
ral waters, (p. 430.) the quantity of lime being found 
by the formation of oxalate, and of magnesia by the 
magnesian phosphate. 


ADDENDUM. 


BROMINE. 


M. Batarp, an apothecary at Montpellier, while en- 
gaged in experiments on sea water, discovered in it a 
peculiar substance, to which he gave the name of muride, 
but which was afterwards changed to brome, or, accord- 
ing to the English nomenclature, bromine, (Gocpeos, Strong 
smelling.) : 

He is inclined to consider it a simple substance ; but 
as its title to be ranked in this class has not yet been sa- 
tisfactorily established, I did not deem it proper to in- 
troduce it among them. ; 

Bromine is procured from sea water, and for this pur- 
pose bzttern is used. When it is treated with chlorine, it 
assumes an orange yellow tinge, and on the application 
of heat, reddish vapours of bromine come off, which 
may be condensed in a proper apparatus. A better me- 
thod of obtaining it, is, after passing a stream of chlorine 
gas through the fluid, to shake it with ether, which, by 
its dissolving the bromine, acquires a hyacinth red co- 
lour. The solution is then agitated with that of potassa, 
by which the bromine, decomposing the water, seizes its 
hydrogen, becomes an acid, and unites with the alkali, 
and will, on evaporation, yield crystals. When these 
are mixed with black oxid of manganese, and sulphuric 
acid, diluted with half its weight of water, and subjected 
to distillation, a vapour comes off, which may be con- 
densed, either in a cool receiver, or in cold water ; and to 
free it from any adhering moisture, it must be again dis- 
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tilled, the vapour. being passed over dried muriate of 
lime. If in this case we consider the crystals similar in 
their nature to chloruret of sodium, then the action by 
which the bromine is evolved, is the same as when chlo- 
rine gas is prepared by means of a mixture of sea salt, 
black oxid of manganese, and sulphuric acid,—the oxi- 
gen of the oxid uniting with the potassium, and liberat- 
ing the bromine. 

Bromine, at a natural temperature, is a liquid of a 
blackish red colour when viewed by reflected, but hya- 
cinth red by transmitted light. It has an odour similar 
to that of chlorine, and like it acts powerfully on the 
animal system, and has the property of destroying colour. 
Its specific gravity is about 3000. It is very volatile, 
passing off in reddish coloured vapour, even at a natural 
temperature ; at a degree or two below zero, it becomes a 
hard brittle solid. Its boiling point is 116.5. It is not 
affected by heat, by light, or by electricity. It is so- 
luble in water, yielding a solution of a reddish colour. 

Bromine unites with oxigen and with hydrogen, forming 
acids called bromic and hydro-bromic. When its ethe- 
real solution is shaken with potassa, there is a decompo- 
sition of the water, its ingredients being transferred to 
the bromine to form the acids, with which the alkali 
unites, and bromate and hydro-bromate of potass are the 
result. 

Bromic acid may be obtained in its separate state, by 
the addition of sulphuric acid to bromate of baryta. In 
many of its properties, it resembles chloric acid. 

Bromine does not unite with hydrogen at a natural 
temperature, but on introducing a lighted taper or a red 
hot wire, they enter into union without explosion, and 
generate the acid. They may also be made to combine, 
by introducing the bromine into a gaseous fluid contain- 
ing hydrogen, as sulphuretted and phosphuretted hydro- 
gen, or hydriodic acid; but the easiest mode of obtain- 
ing hydro-bromic acid, is to heat a mixture of bromine 
and phosphorus moistened, by which a gaseous fluid is 
given off, that must be collected over mercury. As thus 


460 ADDENDUM. 


obtained, it is a transparent colourless gas, having an 
acid taste, and being extremely irritating to the fauces. 
It is not affected by heat nor by light. When passed 
through incandescent tubes, along with oxigen, it is not 
altered. It is decomposed, however, by chlorine, which 
deprives it of its hydrogen to form muriatic acid, and sets 
the bromine free. Hydro-bromic acid is rapidly absorb- 
ed by water, affording a transparent colourless solution, 
having an acid taste. Like the gas, it is decomposed by 
chlorine. It is acted on also by other acids, the action 
with nitric acid being peculiar, as by means of it a fluid 
is obtained, similar in its properties to aqua regia, hav- 
ing the power of dissolving gold. | 

The composition of hydro-bromic acid gas is proved by 
its action with potassium, which, when kept in contact 
with it, unites with-the bromine, and hydrogen, equal to 
half the volume of the gas, is evolved. ts 

Bromine unites with chlorine, and forms a fluid of a 
reddish yellow colour, having a disagreeable odour and 
taste. It is soluble in water, the solution possessing the 
characteristic feature of the simple substances, that of 
destroying colour. When treated with alkaline fluids, 
there is decomposition, both of the chloruret and of the 
water, for muriatic and bromic acids are produced. 

Bromine unites also with phosphorus, sulphur, and 
iodine, and with olefiant gas it generates an oily-looking 
fluid, analogous in its nature to that produced with chlo- 
rine by the same gas, so that it is probably a bromuret 
of carbon. 

Bromine unites also with cyanogen, and forms a poi- 
sonous compound. It may be prepared, according to 
Serullas, by putting bromine and cyanuret of mercury 
together, into a tube surrounded by a freezing mix- 
ture; heat is disengaged, and bromuret of mercury 
and cyanuret of bromine are formed, and may be sepa- 
rated by sublimation, the latter passing off in vapour, 
and condensing in slender crystals. It is soluble in 
water and in alcohol, and with alkaline fluids generates 
bydro-bromates and hydro-cyanates. A grain dissolved 
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in water, and introduced into the esophagus of a rabbit, 
caused instant death. 

The action of bromine with the metals, is in many re- 
spects similar to that of chlorine and iodine. When, for 
instance, potassium is put into it, there is a disengage- 
ment of heat and light, and the action becomes so violent 
as to render the experiment dangerous, unless performed 
in minute quantities. When antimony and tin also are 
thrown into it, they are instantly inflamed. The com- 
pounds formed, called bromids or bromurets, are analo- 
gous to chlorurets; for, according to Balard, they are 
converted by water to hydro-bromates. ‘They are decom- 
posed by chlorine, which unites with the base, and sets 
the bromine free. 

Bromine acts also with salifiable bases, in the same 
way as chlorine and iodine. When its vapour is passed 
over the fixed alkalies, lime, or baryta, they become in- 
candescent, oxigen is disengaged, and bromuret of the 
metallic base is formed ; but when the alkali or earth is 
in solution, there is, as already stated, the decomposition 
of the water, and the production of bromate and hydro- 
bromate, the former analogous to chlorates and iodates, 
the latter to muriates. 

Bromate of potassa is, like chlorate, decomposed by 
heat, yielding oxigen and bromuret of potassium. It de- 
flagrates when thrown on live coals, and with sulphur 
forms an explosive mixture. It is decomposed also by 
acids, and like chlorate, though its acid is liberated, it 
undergoes decomposition. From bromate of baryta, how- 
ever, the acid may, as already stated, be obtained unde- 
composed. ? 

The hydro-bromates of the alkalies and of the alkaline 
earths are soluble, and are similar in many respects to 
muriates, their solutions, according to Balard, yielding 
bromurets, when evaporated to dryness. When chlorine 
gas is passed through them, owing to its powerful affini- 
ty for hydrogen, muriates are formed, and bromine set 
at liberty. Some of the metallic salts are decomposed 
by hydro-bromates, and precipitates are formed, which 
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are considered bromurets; thus, nitrates of lead, silver, 
and mercury, the last in the state of proto-nitrate, yield 
white powders, that with silver being in appearance and 
properties similar to the chlorid, and that with mercury 
analogous to calomel. 

Bromine is soluble in alcohol and in ether, from which 
it is procured by evaporation. 

Bromine, according to Balard, exists in sea water, in 
the state of hydro-bromate of magnesia; so that on the 
addition of chlorine, its acid is decomposed, muriatic — 
acid being formed, and bromine disengaged ; and hence 
the process for procuring it. He has detected it also in 
the marine plants growing on the shores of the Mediter- 
ranean, and in the sea weeds employed for yielding kelp. 
It exists also in the animal kingdom, at least those of 
maritime production, as the Janthina Violacea, which be- 
longs to the testaceous Mollusca. 

Should it be hereafter proved that bromine is really a. 
simple substance, it must be placed in the same class’ 
with chlorine and iodine, to which, in fact, it bears a 
very strong resemblance, being acidifiable both by oxi- 
gen and hydrogen, and forming compounds, convertible 
by water into salts. For a full account of the proper- 
ties of bromine, the reader is referred. to the original 
paper of Balard, in the An. de Ch. xxxii. ; a paper by 
Liebeg, An. de Ch. xxxiii. ; and another by Serullas, An. 
de Ch. xxxiv. : | 

It may be proper to state, that though the above- 
mentioned chemists consider bromine to be a distinct 
simple substance, Chevreuil has announced to the Aca- 
demy of Sciences at Paris, that he has prepared a chilo- 
rid of iodine, possessing all the properties ascribed to it. 
(Bull. Univers. c. ix. 277.) 


APPENDIX. 


SPECIFIC GRAVITY. 


By Gravity is meant that power by which bodies are 
made to approach this earth. All substances, when left 
to themselves, descend; but this takes place differently 
in different instances,—in other words, substances are of 
different weights. Thus, a piece of gold is heavier than 
- one of silver of the same size; and a piece of silver 
weighs more than the same bulk of wood. ‘Though si- 
milar bulks of bodies are of different weights, yet the 
same quantity of matter in all, is drawn towards the earth 
with the same force; it must therefore be of equal weight. 
If equal bulks of bodies, then, are of different weights, 
they must contain different quantities of matter; and this 
_ has given rise to the term Specific Gravity, by which we 
are to understand the comparative weights of equal bulks 
of different substances, or their comparative quantities 
of matter. Thus, if we have a piece of wood and of 
lead of the same weight, they will be of different sizes ; 
they are therefore of different specific gravity, because 
the one has less matter than the other in the same vo- 
lume; that which has least is of the least specific gra- 
vity: 

When equal bulks of bodies, then, contain the same 
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matter, that is, are of the same weight, they are of the 
same specific gravity. If they have different quantities 
of matter, or weigh differently, their specific gravity is 
different. The reverse of this is of course true. 'Those 
bodies, the specific gravity of which is the same, have, 
bulk for bulk, the same, while those. the specific gravity 
of which differs, have different quantities of matter. 

As specific gravity means the comparative quantities 
of matter in bodies, it is necessary to have one as astand- 
ard of comparison. For this purpose, water has been 
fixed on, and called 1000. If, then, that of any sub- 
stance be 3000, it denotes that it contains three times the 
quantity of matter, or is thrice as heavy as the same bulk 
of water. Or, it may be expressed in another way, to 
have the same weights of water and of this body, we 
must have three times as much by measure of the former 
as we have of the latter. ah 

To ascertain the specific gravity of fluids, it is merely 
necessary to procure equal bulks of them, and weigh 
them. For this purpose, we take a small bottle, to 
which a stopper, having a groove in its side, or a hole 
through it, is accurately fitted. Having got an “equi- 
poise for both, the bottle is first to be filled with distill- 
ed water, dried, and weighed ; suppose it hold exactly 
1000 grains. To try the specific gravity of any fluid, 
say oil of vitriol, we have, after emptying and drying 
the bottle carefully, to fill it, put in the stopper, and, 
using the precautions as before of drying it, to weigh ; 
suppose it weighs 1850 grains. In this case, we have 
equal bulks of water, which is taken as the standard, 
and of oil of vitriol, the one weighing 1000, the other 
1850; the specific gravity of the latter is therefore 1850, 
compared to the former as 1000. If the bottle do not’ 
hold 1000 grains, we can easily refer the specific gravity 
to that number. Thus, if it hold only 500 of water, it 
will contain only 925 of vitriol, so that, knowing the 
weight of the water and the fluid, we refer it to 1000, by 
the Rule of Proportion, putting the weight of the water 
and 1000 as the first and third proportions, and that 
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of the fluid for the second. Thus, supposing the bottle 
to contain 757 of water, 943 of a fluid, then, 

as 757: 943:: 1000: 1245.6; 
so that 1245.6 is the specific gravity ; it is therefore of 
no consequence what quantity the bottle holds. 

When no great accuracy is required, other methods 
are practised. Perhaps the easiest of these is, to find it 
by the Areometer, so called from cgaios, signifying rarity, 
and wergor,—a measure of rarity. This is merely a glass 
ball, full of air, with an upright stem, on which are 
marked numbers, at the depths to which it will sink in 
fluids, the specific gravity of which is denoted 
by these numbers. Thus, it will sink to W 
1000 in distilled water, to 1850 in oil of vi- 
triol. In finding the specific gravity by this 
instrument, we have merely to put it into the 
fluid, and mark the number to which it sinks. 
If we wish to be more accurate with this, it is 
necessary to have different instruments for dif- 
ferent fluids, so that the divisions on the scale 
may be large. 

Another easy method of finding the specific 
gravity of fluids, is by Lovi’s Beads. These 
are merely small glass balls, with a little 
tail, having numbers on them corresponding 
with the density of the fluids in which they 
float. Thus, bead 1000 floats in distilled wa- 
ter, and 1850 in oil of vitriol. When we wish 
to find specific gravity by these, we put in bead 
after bead, till we get one to float, or till we get one 
to sink, and another to rise to the surface; the speci- 
fic gravity is denoted by the number on the bead which 
floats ; or it is intermediate to those on the one that 
sinks and the other that swims. ‘Thus, if 1075 sinks, 
and 1074 floats, the specific gravity is 10744. 

The specific gravity of solids is referred to a standard 
the same as with fluids, and for this purpose water has 
been fixed on, and called 1000; but as it is impossible 
to procure exactly equal bulks of a solid and fluid, we 
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must resort to another method of finding their specific 
gravity. It is well known, that when a solid is thrown 
into a fluid, it displaces just its own volume. We have, 
therefore, to take a vessel, fill it with water, and weigh 
it. Having weighed the solid, put it into the water, and 
again weigh, either previously removing the solid, or put- 
ting in an equipoise for it in the opposite scale; the ves- 
sel must weigh less than before, by the water thrown out: 
this is equal to the volume of the solid. We have, there- 
fore, the weights of equal volumes of the solid and water, 
and consequently their specific gravity. Thus, suppose 
we have a tumbler full of water, weighing 10,000 grains, 
the solid weighing 100 grains; after the solid is put in, 
the tumbler weighs 9970, the equipoise for it being 
kept in the other scale. Tho water displaced is 30, 
(10,000—9970=30) the solid is 100, these are their Spe 
fic gravities ; and as : 
30: 100: : 1000: 3333 ; 

3333 is the specific gravity of the solid, ete to wa- 
ter as 1000. 

This method is practised only when no great degree 
of accuracy is required, because it is difficult to dry the 
tumbler without spilling a little of the fluid. Another, 
and by far the most accurate mode, is, to weigh the solid 
in air, and then in the fluid, to the specific gravity of 
which we wish to refer it. A substance weighs less in 
water than in air, by a weight equal to that of the water 
it displaces. This, it has been already said, is its own 
bulk. ‘The difference between the weight in air and in 
water, then, is the weight of its own oldie of water $ 
so that by this we have the weights of equal ee 
and, of course, the specific gravity. 

To find the specific gravity of a solid, weigh it in air ; 
suppose it weighs 175 grains, then, tying a very fine 
thread or a hair around it, attach it to the scale, and 
plunge it into water, and again equipoise ; suppose that 
it now weighs 149 grains, the difference is 26,—that is 
the weight of the water displaced. The specific gravi- 
ties are, as 26 to 1'75, and 

as 26: 175:: 1000: 6730. 
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This method answers only for solids heavier than water. 
{f they should be lighter, we can easily make them sink, 
by tying a heavy body to them; and provided we know 
how much water it will displace, we can find the specific 
gravity. 

For this purpose, having weighed the solid, tie to ita 
heavy body, and weigh both in water ; then subtract from 
the difference between the weight of both in air and 
water, the difference of the weight of the heavy body in 
air and water ; the remainder is that of the light object. 
We have thus the weight of the water guleselt by it, 
and, of course, its specific gravity. 


Thus suppose heavy body in air, a 315 
in water,» - 200 
difference, . 115 
light body (cork) in air - - 5 
both together in air, ‘ 5 320 

in water, . = 182. 
in okey 
difference, J 138 
difference of heavy body, 4} whine 115 
light body, P 23 


So that 5 of cork displace 23 of water. Then as 
23: 5.:: 1000: 217; 

217 is the specific gravity of cork, water being 1000. 

Should the solid be soluble in water, we must have re- 
course to another fluid, as spirit of wine, or ether, or a 
saturated solution of the substance itself, the specific gra- 
vity of which must be previously determined. We can 
then refer it from it to water. Thus, if the specific gra- 
vity of a solid is twice as great as that of its own solu- 
tion, and that of the solution is twice as great as that of 
water, the specific gravity of the solid must be four times 
that of water. Suppose that the solid weighs, 


‘Cg? 
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in air, - 357 grains 

in its own solution, 275 

the difference is 82 

then as 82: 357: : 1000 : 4353. 
But we have previously found that the specific gravity 
of the solution is 1157 to water as 1000 ; then, as 
1000 : 1157 :: 4352 : 5036. 
5036 is the specific gravity of the solid, water being 1000. 
Another method of finding the sp. gr. of solids, whe- 

ther soluble or insoluble in water, or whether heavier or 
lighter than it, and which is particularly useful when the 
substance is porous, is that lately described by Professor 
Leslie. It consists in taking a glass tube AE, about 
three feet in length, open at both ends, the 
wide part AB, being about 4-10ths, the 
narrow part B E, 2-10ths of an inch in dia- 
meter, the one communicating with the 
other by a very fine slit at B, which will al-—_¢|| 
low the passage of air, but not of any pow- 2 ne 
der, and the upper opening being ground Dp 
smooth, so that it can be stopped by a — 
plate of glass F. The substance to be 
tried, being reduced to powder, is placed 
into A B, and the tube is then to be plung- 
ed into another one G, containing mercury, 
till the fluid rises to the slit at B, after which the lid F is 
to be put on, and made air-tight. When in this state, the 
whole of the air, except that interspersed among the 
powder, is expelled, after which the tube must be raised, 
‘till the mercury stands in the inside at a height which, 
measured from the surface of that without, is half the 
length of the column of mercury in the barometer at the 
time. Suppose this is at C, the height being 15 inches, 
(Bar. suppose at 30,) then the air in the tube being under 
half its original pressure, will be doubled, so that A B 
will now contain only half as much as it did before the 
tube was elevated, the other half being in BC, which 
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is now of course equal in volume to what was in AB. 
After this, the lid being taken off, the tube is to be with- 
drawn, and having thrown out the powder, it is to be 
cleaned in the inside, and again put into the mercury ; 
and the lid being replaced, it is raised till the mercurial 
column inside is 15 inches, by which the air in AB is 
doubled, and dilating occupies, suppose as far down as D, 
so that the space BD now holds the half of what AB did. 
In this experiment, the area of B C is equal to the whole 
air in A B while containing the powder, B D is equal to 
that of the air in A B without the powder, the difference 
CD must therefore be equal to the volume of air expelled 
from A B by the powder, i.e. it must be equal to the air 
of the same volume as the powder itself; so that by hav- ~ 
ing on a graduated scale attached to the instrument, de- 
noting the number of grains of water held by the narrow 
part of the tube, we find the quantity which any part of 
it will contain, and having weighed the solid, we thus 
get the weights of equal bulks of water and solid, and. 
of course the specific gravity. 

In fixing the specific gravity of gases, atmospheric air 
is taken as the standard, and called 1000. 

The specific gravity of gases is determined in the same 
way as that of fluids, by weighing equal volumes of 
them ; but it is necessary to have recourse to an air- 
pump to exhaust the vessel. For this purpose we take 
a flask with a stop-cock, which fits the screw of the 
pump. Having weighed it accurately, it is to be put 
on the pump, and exhausted, and again weighed. It 
must weigh less than before, by the air taken out. On 
applying it to a bladder filled with the gas, the ‘spe- 
cific gravity of which we wish to find, when the stop- 
cocks are opened, the gas flows in, so that if we again 
, weigh, we get the weight of the gas. Here, then, we 
have the weights of equal volumes of air and gas, 
and, of course, their specific gravities. In performing 
this experiment, there is no necessity for exhausting the 
flask to the utmost, provided there is no action between 
the gas and air; for whatever be the quantity of air we 
take out, the same bulk of gas enters. Should the air 
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act chemically with the gas, we must remove the whole 
of it, and this is done by repeated exhaustions, filling the 
flask after each with the gas, so that after the last there 
is no atmospheric air. Suppose that the flask, when full 
of air, weighs 5750 grains, and after exhaustion 5738: 
Having introduced the gas, suppose it now weighs 
5756.3, then 5750—5738—12, and 5756.3—5738=18.3; 
so that we have taken out 12 grains of air, but intro: 
duced 18.3 of gas; their specific gravities, as we have 
here the weights of equal volumes, are as 12 to 18.3, and 
: as 12: 18.3: : 1000 : 15.25, 
which is the specific gravity, air being 1000. 

As substances are liable to be affected by change of 
_ temperature, it is necessary of course to attend to this in 
taking specific gravity. In general 60 F. has been fixed 
on as a standard, so that, should the substances not be 
at this, it will be necessary to bring them to it; and this 
is of the utmost consequence with respect to gases, the 
alteration in volume being considerable, by slight changes 
of temperature. In finding the specific gravity of gasés, 
we must attend also to the pressure of the atmosphere, 
and to their state of dryness. If they are not dry, or if 
the barometer is not at its standard, allowance must be 
made according to the formule given, vol. i. pp. 167, 
194. If, however, the method recommended be adopted, 
of partially exhausting, and then immediately intro- 
ducing the gas, there can, during the performance of the 
experiment, be no change in the pressure of the alr, so 
as to. affect materially the volume; so that there is no 
necessity for attending to it in taking specific gravity in 
this way. Py 


Numerous other methods of finding specific gravity 
have been recommended, but what has been stated will, it 


is hoped, be sufficient to enable the reader to know what 


is meant by this term, and to illustrate the principle on 


which the processes for ascertaining it are conducted. 
The subject more properly belongs to mechanical philo- 
sophy, than to chemistry. en} 


‘ 


WEIGHTS AND MEASURES. 


APOTHECARIES WEIGHT. 


Pound. Ounces. Drms. Scruples. Grains. Grammes. 
1 = 12 = 96 = 288 = 5760 = 372.96 
1= 8 = 2% = 480 = 31.08 

1= on. O00 = — 3.055 

ee ae Ye So oe 

1 = 0.06475 


MEASURE LONDON PHARMACOPGI A. 


Gall. Pints. Ounces. Drms. Minims. Troy Gr. Cub. Inch. 
1=8 = 128 = 1024— 61440 = 58443 = 231. 
» 1= 16= 1388= 6380= 7305 = 28.875 


8= 480=— 4565 = 1.8047 

ls 600= 57 = 0.2256 

ie 0.9. == 0.0374 

SCOTS LIQUID MEASURE. 

Gall. Quart. Pint. Choppin. Mutchkin. Gill. | Cub. Inch. 
Peres §C S16 = 82. =. 128. 940 
1l=2@Q= &4£=> 8 = 82 = 210 
1= 2=> 4=> 16 =—,.105 

a i ee es 

boa Af) a Oe 

Lice eed 


The English ale gallon contains 247.38 cubic inches, 
the cubic inch of water weighing at 62 F.. 252.72 Par 
liamentary grains. The English wine pint contains 
98.815 cubic inches. The English wine gallon contains 
231 cubic inches. The imperial gallon is 1-60th less 
than the ale gallgn, and 1-5th more than the wine gallon. 
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NEW FRENCH MEASURES AND WEIGHTs. 


MEASURES OF LENGTH, 
Lhe metre being at 32, and the Soot at 62. 
Eng. Cub. Inch. 


Millimetre, Sat -03937 
Centimetre, ae 39371 
Decimetre, = 3.93710 Eng. feet. Inches. 
Metre *, ao 39.37100 = 8 = 3.37] 
Decametre, cae 393.71000 
Hecametre, =a 3937.10000 
Kilometre, =  393'71.00000 
Myriametre, = 393710.00000 
MEASURES OF CAPACITY. 

Cub. Inches. 
Millilitre, eax .06103 
Centilitre, a .61028 
Decilitre, = 6.10280 - Eng. Wine Pint. “ 
Titre, © = 61.02800 = 2.11353 
Decalitre, — 610.28000 
Hecalitre, = __- 6102.80000 
Kilolitre, © = 61028.00000 
Mpyrialitre, = 610280.00000 

WEIGHT. 

Eng. Grains. 
Milligramme, = 0154 
Centigramme, = 1544 
Decigramme, = 1.5444 Troy Gr. 
Gramme, at 15.4440. = 15.444 
Decagramme, cic 154.4402 
Hecatogramme, = 1544.4023 ‘ 
Kilogramme, == 15444.0934 
Myriagramme, = 154440.2344 


™ The Metre was found by Captain Kater to be 39.37079 inches, Ph. Tr: 
1818. The length of a pendulum vibrating seconds in London, on the level 
of the sea, at 62 F. is 39,1393... Lond, Journ. xi. 
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TABLE of the Expansion of Solids, when heated from 
32 to 212. 


The figures denote the linear expansion, so that by 
raultiplying the decimal ones by 3, the total expansion 
will be got. The table is constructed from the experi- 
ments of Lavoisier and Laplace, (Biot’s Traité de Phy- 
sique,) Smeaton, (Ph. Tr. 1784.) Roy, and others. 


Re ae: er D _ arent 

* in Decima in Decimals, 

Substances tried. tha original’ Substances tried. the original 
length being 1. ength being 1. 


1.00108300 || Iron wire 
1.00139200 || Lead 
1.00186671 || Ditto 
1.00187500 || Pewter, fine 
1.00193000 || Palladium 
1.00190800 || Platinum 
1.00172244 || Ditto 
1.00170000 || Ditto 
1.00171821 || Silver, Paris standard |1.00190868 


ene tee 


Glass tube without lead |1.00087572 || Ditto 1.0020826 
with barom. |1.00083000 || Solder, soft white lead 
oes .  |1.00077615 || 2, tin1 \ che 3) soe 


rod 

English flint 
crown A. 
tube 


1.00081166 zine 1 
1.00089760 || Speculum metal 1.0019330 
1.00086130 || Steel, hard 


spelter brass 2, >t 1.0020580 


Gold, Paris standard ditto . 
not softened = i ie aig cht Od Ere 9 - 
1.00146606 tempered - 

- 1.00125800||'Fin, Falmouth = 

- 1.00118203 Malacca - 

cast (prism) - -00110940 Grain - 


hammered -00122045 || Zinc 


TABLE of the Expansion of Liquids from 32 to 212, 
their original bulk being I. 


Dilatation 


Dilatation a 
in Decimals. 


in Decimals. 


Liquids. Liquids. 


Nitric acid (sp. gr- 1.40.)| 0.11000 

Oil of turpentine 0.07000 

| Sulphuric acid (sp. gr- \ 0.06000 
1.8 7 

Pa ether 0.07000 

Water 0.04600 

Water bint eeanh, py 0.05000 
common salt . 


0.11000 
0.08000 
0.02000 
0.01872 
0.61852 
0.01680 
0.0180180 


1.137.) 


ATA 
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Table of the expansion of air Srom 82 to 212,—taking it 
for granted, that the expansion is 1-480th for dich 
degree added. As all gases are equally expanded by 
equal additions of heat, of course the sagt applies to 
all the bodies in this state. 


Temp. 


32° 


Bulk: 


1000000 
1002083 
1004166 
1006249 
1008333 


1010416 |. 


1012499 
1014583 
1016666 
1018749 
1020833 
1022916 
1024759 
1027083 
1029166 
1031249 
1033333 
1035416 
1037499 
10395838 
1041666 
1043749 
1045833 
104'7916 
1049999 
1052083 
1054166 


Temp. 


59 


Bulk. 


1056249 
1058333 
1060416 
1062499 
1064583 
1066666 
1068749 
1070833 
1072916 
1074999 
1077083 
1079166 
1081249 
1083333 
1085416 
1087499 
1089383 
1091666 
1093749 
1095833 
1097916 
1099999 
1102083 
1104166 
1106249 
1108383 
1110416 


Temp. 


86 
87 
88 
89 


Bulk.. : 


1112499 
1114583 
1116666 
1118749 
1120833 
1122916 
1124999 
1127083 
1129166 
1131249 
1133333 
1135416 
1137499 
1139583 
1141666 
1162499 
1183333 
1204166 
1224999 
1245833" 


- | 1266666 


1287499 


-| 1308333 


1329166 
1349999 
1370833 
1374999 
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TABLE of the Capacities of Bodies for Heat. 
I. Gases referred to Air as 1.0000. 


- Air, 2 4 

~ Hydrogen, 
Carbonic acid, 
Oxigen,.  - 

_ Azote, pa 
Oxid of azote, 
Olefiant gas, 
Carbonic oxid, 


Same bulk. Same weight. 
- 1.0000 1.0000 
- 0.9033 12.3401 
- 1.2583 0.8280 
- 0.9765 0.8848 
- 1.0000 1.0318 
- 1.3503 0.8878 
- 1.5530 1.5768 
- 1.0340 1.0805 


Or 


II. Gases referred to Water as 1.0000. 


Water, “ 
Air, * si 
Hydrogen, - 
Carbonic acid, 

- Oxigen, - 


III. Fluids referred to Water as 1.0600. 


sp. gr. 
(1200) 
(1298) 


Acid 
_ Nitric 


Sulphuric (1844) 
Do. 4 + water 5 
Doe: 1 + do. 4 

Acetic, (1056) 


Alcohol | ( 


Same weight. 


0.2669 
3.2936 


0.2361 


1.0000 | Azote, ho ~ 
Oxid of azote, 
Olefiant gas, 
Carbonic oxid, 


Aqueous vapour, 


0.2210 


Same weight.. 


0.2754: 
0.2369 
0.4207 
0.2884 
0.8470 © 


0.7600 | Ether sulph: (729) 0. 5432 
0.5280 


0.6613 | Oil of lintseed, 


0.6600 naphtha, 

0.8440 olives " 
0.6800 spermaceti, 
0.6000 - turpentine, 


0.3500 ; Spermaceti, 
0.6631 
0.5200 
0.6600 
0.6666 
0.5897 


IV. Solids referred to Water as 1.0000. 


Antimony, a 
Bismuth, - 
Brass, - 
Copper, . 
Gold, = 
Gun metal, — = 
Iron, — - 
——-sheet,  - 


0.0500 
0.1100 


0.0615 | Lead, i 
0.0430 | Mercury, - 
0.1123 | Nickel, 
0.1111 | Platinum, = - 
Silver, 
Tin, “ 
0.1269 | Zinc, a 
0.1099 be 


0.4151 
0.5000 
0.5000 
0.4720 
0.3990 


0.0352 
0.0357 
0.1000 
0.1300 
0.0820 
0.0704 
0.0943 
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TABLE of the Elastic Force of Aqueous Vapour, from 
32 to 320, expressed in inches of Mercury. 


Dalton. 


0.200 
0.207 
0.214 
0.221 
0.229 
0.237 
0.245 
0.254 
0.263 
0.273 
0:283 
0.294 
0.305 
0.316 
0.328 
0.339 
0.351 
0.863 
0.375 
0.388 
0.401 
0.415 
0.429 
0.443 
0.458 
0.4'74 
0.490 
0.507 
0.524 
0.542 
0.560 
0.578. 
0.597 
0.616 
0.635 
0.655 
0.676 
0.698 
} 0.72I 
0.745 
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Table continued. 


2.810 


3.300 


3.830 


4.366 


5.070 


5.770 


6.600 


7.530 


ATT 


Ure. 


8.500 

9.600 
10.800 
12.050 
13.550 
15.160 
16.900 ) 


19.000 
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_Table continued. 


‘Dalton. 


eee ce | ees 


20.77 | 928 | 40.30 
21.22 | 21.100 | 229 | 41.02 
21.68 930 | ALS 


22.13 230.5 . 
22.69 231 42.49 
23.16 232 43.24 
23.64 | 23.600 233 44.00 
24.12 © 234 44.78 
24.61 23.4.5 

25.10 235 45.58. 
25.61 236 46.39 
26.13 | 25.900 237 47.20 
26.66 238 48.02 - 
27.20 238.5 

27.74 239 48.84 
28.29 240 49.67 
28.84 | 28.880 242 . 
29.41 245 53.88 
30.00 30.000 248.5 - | 
30.60. }- 250 58.21 
31.21 255 62.85 
31.83 260 67.73 
32.46 265 72.76 


33.09 275 83.13 
33.72 280 88.75 
34.35 285 94.35 
34.99 | 35.540 285.2 

35.63 290 | 100.12 


36.25 ~ 295 | 105.97. 
36.88 300 | 111.81 
37.53 305 | 117.68 
38.20. | 39.110 310 . | 123.53 
38.89 312 

40.100 3°20 | 135.00 


39.59 
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Table of the elastic Forces of the Vapours of Alcohol, Oil 
of Turpentine, and Petroleum or Naphtha, in inches of 
Mercury. By Dr Ure. (Phil. Trans. 1818.) 


Alcohol (sp. gr. Alcohol (specific i 
° OnIs.) gravity 7 Petroleum. 


0.813.) 


Force of 


Temp. Force of + 
apour. 


Vapour. 


Force of 


Temp. 
Vapour. 


Temp. 


ee Ree 
oe 


39 0.40° | 192.99 | 46.60° | 816 30.009 
40 0.56 | 196.3 50.10 || 320 31.40 


45 | 0.70 | 200 53.00 _ || 325 34.00 
50 0.86 | 206 60.10 || 330 36.40 
55 1.00 | 210 65.00 || 335 38.90 
60 1.23 | 214 69.30 || 340 4.1.60 
65 1.49 | 216 12.20 || 345 44.10 
40 1.76 | 220 18.50 || 350 46.86 
5 2.10 | 295 87.50 || 355 50.20 
80 2.45 | 230 94.10 || 360 53.30 
85 2.93 | 232 97.10 || 365 56.90 
90 3.40 | 236 103.60 || 370 60.70 
95 3.90 | 238 106.90 || 372 61.90 
10g 4-50 240 111.24 || 375 64.00 
2 244 118.20 
110 | 6.00 | 247 199.10 Wf nee eee 
115 7.10 | 248 126.10  |__Temp.__|_ Force. _ 
120 8.10 | 249.7 | 131.40 | 304° 30.00° 
125 9.25 || 250 132.30 307-6 | 32.60 
130 10.60 || 252 138.60 310 33.50 


135 12.15 | 254.3 143.70 315 35.20 
140 13.90 || 258.6 151.60 320 37.06 


145 | 15.95 | 260 155.20 | 322 37.80 
150 |, 18.00 | 262 161.40 || 26 40.20 
155 | 20.30 | 264 166.10 || 330 42.10 
(160 | 22.60 336 45.00 
165 | 25.40 340 47.30 
170 | 28.30 343 49.40 
173 | 30.00 347 51.70 
178.3} 33.50 350 53.80 
180 | 34.73. 854 56.60 
182.3] 36.40 3517 58.70 
185.3} 39.90 360 60.80 


190 | 43.20 | 362 62,40 — 
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TABLE of Frigorific Mixtures. 


Deg. of cold 
ae 


MIXTURES. Thermometer sinks. 


Muriate of ammonia, - 5 parts 
Nitrate of potassa, - 5 
Water, - ae 6 


From -} 50° to -}+ 10° 40 


Muriate of ammonia, - 5 parts 
Nitrate of potassa, - 5 
Sulphate of soda, - - 8 
Water, - - 16 


From + 50° to +4..4° 


Sulphate of soda, - 5 parts 


° oO 
Diluted sulphuric acid, 4 From -}- 50° to -+- 3 


Sulphate of soda, - ~- 8 parts 
- § 


F ° 
Muriatic acid, - rom +} 50 to 0 


Sulphate of soda, - 6 parts 
Muriate of ammonia, - 4 
Nitrate of potassa, - 2 
Diluted nitric acid, -~ 4 


From -}+- 50° to — 10° 


Snow, or pounded ice, 2 parts | 2 { 

Muriate of soda, Sm 5 : 

Snow, or pounded ice, 5 parts ! Ey 

Muriate of soda, - - 2 5 

Muriate of ammonia, 1 Ee 4 

Snow, or pounded ice, 24 parts Ee 

Muriate of soda, - - 10 

Muriate of ammonia, 5 = i 

Nitrate of potassa, - 5 Ae eee Las 

Snow, - - 3 parts ° ° 
Diluted wilphutte acid, 2 Bro ht embeds cn 


Snow, - « - 8 parts 


° ° 
Muriatic acid, - Bea,” From -+ 32° to — 27 


Snow, - - - 7 parts | 9 
Diluted nitric acid, - 4 . | From -} 32° to— 30 
Snow, - - - 4 parts 


Muriate of lime,  - From -- 32° to — 40 
Snow, 4 4 - 2 parts 


Cryst. muriate of lime, 3 Fr a -+ 32° to — 50 


Snow *, - - 3 parts 


Ke ° 
Diluted nitric acid, - 2 From 0° to — 46 


* The materials for this, and the following mixtures, are to be cooled, 


previously to mixing, to the temperature required, by some of the preceding 
mixtures. 


_———.- = oO 


na 
Me 
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Table of Frigorific Miatures—Continued. 


Deg. of cold 

MIXTURES. Thermometer sinks. produced. 
Snow, . - - 8& parts 
Diluted sulphuric acid, 3 From — 10° to — 56° 46 
Diluted nitric acid, - 3 
Snow, - - - 1 part MG WERT oo 
Diluted sulphuric acid, 1 From — 20° to — 60° 40 
Snow, > - - 3 parts RENE eT 
Muriate of lime, - 4 From -- 20° to — 48 68 
Snow, - - - 3 parts ‘ 
Muriate of lime, - 4 From -- 10° to — 54 64 
Snow, - - - 2 parts 4 : 
Muriate of lime, - From — 15° to — 68 53 
Snow, “ : - | part é : 
Cryst. muriate of lime, 3 From — 40° to — 73 33 
Snow, - - - 8 parts 2 " 
Diluted sulphuric acid, 10 From — 68° to — 91 23 


TABLE of the Forces of Affinity. 


OXIGEN. Nitrogen Sulphur CARBON. 
Nickel Carbon 

Metallic bases| Cobalt Phosphorus | Oxigen 

of the alkalis) Copper _ Nitrogen Tron 

and earths | Bismuth: - ae Hydrogen 
Carbon Mercury 
Manganese _ | Silver 
Zinc Gold. NITROGEN. 
Tron Platinum SULPHUR. 
Tin Oxigen | 
Antimony Sulphur ? Iron 
Hydrogen ‘Phosphorus | Copper 
Phosphorus | gyprocen. | Hydrogen Tin 
Sulphur Lead 
Arsenic Oxigen Silver — 
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Table of the Forces of Affinity—Continued. 


Bismuth Magnesia Lime BENZOIC ACID. 
Antimony Glucina Ammonia 
Mercury Alumina Magnesia Potassa 
Arsenic Zirconia Zirconia Soda 
Molybdena | Metallic oxides Ammonia 
Silica Baryta 
Lime 
| ACETIC AcID. | Magnesia 
NITRIC ACID. | Alumina 
MURIATIC—*,| SULPHURIC | Baryta 
ACID. Potassa 
Baryta rrussic}. | Soda ee 
Potassa Strontia 
Soda Baryta Lime 
Strontia Strontia Ammonia POTASSA, SODA, 
Lime Potassa Magnesia AND AMMONIA. 
Magnesia Soda | Metallic oxides 
Ammonia Lime Glucina Acids. 
Glucina Magnesia Alumina Sulphuric 
Alumina Ammonia Nitric 
Zirconia Glucina Muriatic 
Metallic oxides} Yttria Phosphoric 
Alumina — oxaLic acip.| Fluoric 
Zirconia TARTARIC— Oxalic 
Metallic oxides} ciTRic—§. Tartaric 
PHOSPHORIC Arsenic 
ACID. Lime Succinic 
CARBONIC 7. | Baryta Citric 
SULPHU- Strontia Benzoic 
Baryta RETTED | Magnesia Sulphurous 
Strontia HYDROGEN. | Potassa Acetic — 
Lime Soda Boracic 
Potassa Baryta Ammonia Carbonic 
Soda Potassa Alumina Prussic 
Ammonia Soda Metallic oxides 
* Ammonia should stand above magnesia. é 


++ Magnesia should stand above ammonia, and alumina and silica should 
be omitted. 

t With the omission of all after ammonia. 

§ Zirconia after alumina. 
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Table of Simple Affinity—Continued. 


LIME. Acetic Acetic Arsenic 
Boracic Boracic Fluoric 
Acids. Sulphurous| Sulphurous | Succinic 
Oxalic Carbonic Carbonic Citric 
Sulphuric Prussic Prussic Acetic 
Tartaric . | Boracic 
Succinic Prussic | 
Phosphoric Carbonic 
Nitric STRONTIA. ALUMINA. 
Muriatic a 
Suberic Acids. Acids. 
Fluoric Sulphuric Sulphuric | OXID OF cop- 
Arsenic Phosphoric | Nitric PER. 
Citric Oxalic Muriatic 
Malic Tartaric Oxalic Gallic acid 
Benzoic Fluoric Arsenic Oxalic 
Acetic Nitric Fluoric Tartaric 
Boracic Muriatic 'Tartaric Muriatic 
Sulphurous| Succinic Succinic Sulphuric 
Carbonic Acetic Citric Nitric 
Prussic Arsenic Phosphoric | Arsenic 
Boracic Benzoic Phosphoric 
Carbonic Acetic Succinic 
Boracic Fluoric 


Sulphurous Citric 


BARYTA. 
Carbonic Acetic 
Acids. MAGNESIA. Prussic Boracic 
~ Sulphuric Prussic 
Oxalic Acids. —_——. Carbonic 
Succinic Oxalic 
Fluoric Phosphoric | OX1D OF IRON. 
Phosphoric Sulphuric 
Nitric Fluoric | Gallic acid {oxID OF LEAD. 
Muriatic Arsenic Oxalic 
Suberic Succinic Tartaric Gallic acid 
Fluoric Nitric Camphoric | Sulphuric 
Arsenic Muriatic Sulphuric Oxalic 
Citric Tartaric Muriatic Arsenic 
Malic Citric Nitric Tartaric 
Benzoic Benzoic Phosphoric _ | Phosphoric 


Hh®@ 


1 
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Table of Simple Affinity—Continued. 


Muriatic 
Sulphurous 
Suberic 
Nitric 
Fluoric 
Citric 
Malic 
Succinic 
Acetic 
Benzoic 
Boracic 
Prussic 
Carbonic 


OXID OF TIN. 


Gallic acid 
Muriatic 
Sulphuric 
Oxalic 
Tartaric 
Arsenic 
Phosphoric 
Nitric 
Succinic 
Fluoric 
Citric 
Acetic 
Boracic 
Prussic 


OXID OF ZINC. 
Gallic acid 


Oxalic 
Sulphuric ~ 
Muriatic 
Nitric 


Tartaric 
Phosphoric 


| Citric 


Succinic 
Fluoric 
Arsenic 
Acetic 
Boracic... - 
Prussic 
Carbonic 


OXID OF MER- 
CURY. 


Gallic acid 
Muriatic 
Oxalic 
Succinic 
Arsenic 
Phosphoric 
Sulphuric 
Tartaric 
Citric 
Malic 
Sulphurous 
Nitric 
Fluoric 
Acetic 
Benzoic 
Boracic 
Prussic 
Carbonic 


OXID OF AN- 
TIMONY. 


Gallic Acid 


Muriatic 


Benzoic 
Oxalic 
Sulphuric 
Nitric 
Tartaric 
Phosphoric 
Citric 
Succinic 
Fluoric 
Arsenic 
Acetic 
Boracic 
Prussic 


OXID OF: SIL- 
VER. 


Gallic acid 
Muriatic 
Oxalic 
Sulphuric 
Phosphoric 
Sulphurous 
Nitric 
Arsenic 


‘| Fluoric 


Tartaric 
Citric 
Succinic 
Acetic 
Prussic 
Carbonic 


OXID OF PLA- 


TINUM. 
GOLD *, 


Gallic acid 


Muriatic 
Nitric 
Sulphuric 
Arsenic 
Fluoric 
Tartaric 
Phosphoric 
Oxalic 
Citric 
Acetic 
Succinic 
Prussic 
Carbonic 


ALCOHOL. 


Water 

Ether 

Volatile oils 

Alkaline sul- 
phurets 


FIXED OILS. 


Lime | * 
Baryta 


Potassa. 


cur 
Other metallic 
oxids 
Alumina 


* Omitting the oxalic, citric, succinic, and carbonic acids, and adding sul- 


phuretted hydrogen after Prussic acid. 


_— 
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TABLE of the Quantity of Oil of Vitriol (sp. gr. 1.8485, ) and of 
Real or Dry Sulphuric Acid in 100 Parts by Weight of diluted 
Acid of different sp. gr. By Dr Urne.—Lond. Journ. iv. 


Liquid. Dry. || Liquid.| Sp. Gr. | Dry. || Liquid.| Sp. Gr. 


1.8485] 81.54 
1.8475] 80.72 
1.8460] 79.90 
1.8439] 79.09 
1.8410] 78.28 
1.8376| 77.46 
1.8336| 76.65 


1.8233) 75.02 
1.8179) 74.20 
1.8115} 73.39 
1.8043) 72.57 
1.7962) 71.75 
1.7870} 70.94 
1.7774} 70.12 
1.7673} 69.31 
1.7570} 68.49 
1.7465] 67.68 
1.7360] 66.86 
1.7245) 66.05 
1.7120} 65.23 
1.6993) 64.42 
1.6870} 63.60 
1.6750} 62.78 
1.6630) 61.97 
1.6520) 61.15 
1.6415) 60.34 
1.6321) 59.52 
1.6204} 58.71 


11.5648] 54.63 


1.5503) 53.82 
1.5390} 53.00 
1.5280) 52.18 
1.5170) 51.37 
1.5066} 50.55 
1.4960) 49.74 
1.4860) 48,92 
1.4760} 48.11 
1.4660] 47.29 
1.4560) 46.48 
1.4460) 45.66 
1.4360) 44,85 
1.4265) 44.03 
1.4170) 43.22 
1.4073} 42.40 
1.3977) 41.58 
1.3884) 40.77 
1.3788] 39.95 
1.3697) 39.14 
1.3612) 38.32 
1.3530) 37.51 
1.34.40) 36.69 
1.3345) 35.88 
1.3255} 35.06 
1.3165] 34.25 
1.3080) 33.43 
1.2999} 32.61 
1.2913) 31.80 
1.2826) 30,98 
1.2740) 30,17 
1.2654) 29.35 
1.2572) 28.54 
1.2490) 27.72 
1.2409} 26.91 


32 
31 
30 
29 
28 
27 
26 
25 
24: 
23 
22 
21 
20 
19 


mMoOwFronws@mso 


1.2334 

1.2260) 25.28 
1.2184) 24.46 
1.2108) 23.65 
1.2032) 22.83 
1.1956) 22.01 
1.1876) 21.20 
1.1792) 20.38 
1.1706} 19.57 
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TABLE of the quantity of real or dry Muriatic Acid, m 
100 partsof liquid acid, at different densities, by Dz URE. 
(An. of Phil. x.) 


Specific Acid in Specific 
Gravity. 100. Gravity. 


ee eee 


1.1920 | 28.30 | 1.1272 
1.1900 | 28.02 | 1.1253 
1.1881 | 27.73 | 1.1233 
1.1863 | 27.45 | 1.1214 
1.1845 | 27.17 | 1.1194 
1.1827 | 26.88 | 1.1173 
1.1808 | 26.60 | 1.1155 
1.1790 | 26.32 | 1.1134 
1.1772 | 26.04 | 1.1115 
1.1753 | 25.75 | 1.1097 
1.1735 | 25.47 | 1.1077 
1.1715 | 25.19 | 1.1058 
1.1698 | 24.90 | 1.1037 
1.1679 | 24.62 | 1.1018 
1.1661 | 24.34 | 1.0999 
1.1642 | 24.05 |} 1.0980 
1.1624 | 23.77 | 1.0960 
1.1605 | 23.49 | 1.0941 | 13.87 
1.1587 | 23.20 | 1.0922 | 13.58 
1.1568 | 22.92 | 1.0902 | 13.30 
1.1550 | 22.64 | 1.0883 | 13.02 
1.1531 | 22.36 | 1.0863 | 12.73 
1.1510 | 22.07 | 1.0844 | 12.45 
1.1491 | 21.79 | 1.0823 | 12.17 
1.1471 | 21.51 | 1.0805 | 11.88 
1.1452 | 21.22 | 1.0785 | 11.60 
1.1431 | 20.94 | 1.0765 | 11.32 
1.1410 | 20.66 | 1.0746 | 11.04 | 
1.1391 | 20.37 | 1.0727 | 10.75 | 
1.1371 | 20.09 | 1.0707 | 10.477 | 
1.1351 | 19.81 | 1.0688 | 10.19 
1.1332 | 19.53 | 1.0669 | 9.90 
1.1312 | 19.24 || 1.0649 
1.1293 | 18.96 || 1.0629 


Specific | 
Gravity. 


1.0610 
1.0590 
1.0571 
1.0552 
1.0533 
1.0514 
1.0495 
1.0477 
1.0457 
1.0438 
1.0418 
1.0399 
1.0380 
1.0361 
1.0342 
1.0324 
1.0304 
1.0285 
1.0266 
1.0247 
1.0228 
1.0209 
1.0190 
1.0171 
1.0152 
1.0133 
1.0114 
1.0095 
1.0076 
1.0056 
1.0037 
1.0019 
1.0000 
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TABLE of the Proportion of real Nitric Acid in 100 Parts of the 
liquid Acid, at different Specific Gravities. By Dr URE.— 


London Journal, iv. 


Specific 
Gravity. 


1.5000 


1.4980 
1.4960 
1.4940 
1.4910 
1.4880 
1.4850 
1.4820 
1.4790 
1.4760 
1.4730 
1.4700 
1.4670 
1.4640 
1.4600 
1.4570 
1.4530 
1.4500 
1.4460 
1.4424 
1.4385 
1.4346 
1.4306 
1.4269 
1.4228 
1.4189 
1.4147 
1.4107 
1.4065 
1.4023 
1.3978 
1.3945 
1.3882 
1.3833 


Acid in 100. 


79.700 
78.903 
78.106 
77.309 
76.512 
75.715 
74.918 
74.121 
73.324 
12,927 
71.730 
70.933 
70.136 
69.339 
68.542 
67.745 
66.948 
66.155 
65.354 
64.557 
63.760 
62.963 
62.166 
61.369 
60.572 
59.775 
58.978 
58.181 
57.384 
56.584 
55.790 
54.993 
54.196 
53.399 


Specific 
Gravity. 


1.3783 


1.3732 
1.368] 
1.3630 
1.3579 
1.3529 
1.3477 
1.3427 
1.3376 
1.3323 


1.3270 


1.3216 
1.3163 
1.3110 
1.3056 
1.3001 
1.2947 
1.2887 
1.2826 
1.2765 
1.2705 
1.2644 
1.2583 
1.2523 
1.2462 
1.2402 
1.2841 


1.2277 


1.2212 
1.2148 
1.2084 
1.2019 
1.1958 
1.1895 


Acid in 100. 


592.602 


51.805 
51.068 
50.211 
49.414 
48.617 
4:'7,.820 
47.023 
46.226 
45.429 
44.632 
43.835 
43.038 
42.241 
41.444: 
40.647 
39.850 
39.053 
38.256 
37.459 
36.662 
35.865 
35.068 
34.271 
33.474 
32.677 
31.880 
31.083 
$0.286 
29.489 
28.692 
27.895 
27.098 
26.301 


Specific 
Gravity. 


1.1833 


1.1770 
1.1709 
1.1648 
1.1587 
1.1526 
1.1465 
1.1403 
1.1345 
1.1286 
1.1227 
1.1168 
1.1109 
1.1051 
1.0993 
1.0935 


1.0878 — 


1.0821 
1.0764 
1.0708 
1.0651 
1.0595 
1.0540 
1.0485 
1.0430 
1.0375 
1.0320 
1.0267 
1.0212 
1.0159 
1.0106 
1.0053 


Acid in 100. 
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TABLE of real Nitric in Acids of different Density. By 
| 7 Dz Tuomson.—First Prine. | 


Atoms of 
Water. 


Atoms of 
Acid. 


Specific 
Gravities. 


1.55° 
1.4855 
1.4546 
1.4237 
1.3928 
1.3692 
1.3456 
1.3220 
1.3032 
1.2844 
1.2656 
1.2495 
1.2834 
1.2173 
1.2012 


CD OO ~2 Gd OT BH OO 20 HH 
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TABLE of the quantity of Alcohol ( Sp. Gr. 796.) in 100 
parts of fluids of different density at 60°. By Lovitz. 


1 Sp. Gr. ‘obits : Sp. Gr. iooh fi 
796 | 100 838 84 
798 99 840 83 
801 98 843 82 
804 97 846 81 
807 96 848 80 
809 95 851 19 
812 94 853 78 
815 93 855 77 


817 92 857 76 
820 91 860 15 
822 90 863 74: 
825 89 865 73 
827 88 867 72 
830 87 870 71 
832 86 871 70 
835 85 8'74 69 


APPENDIX. 


489 


Table continued. 


Sp. Gr. Alc. Sp. Gr. 
912 52 939 
915 51 941 
917 50 943 
920 49 945 
922 48 947 
924 47 949 
926 46 951 
928 45 953 
930 44 955 
933 43 957 
935 42 958 


937 960 


Ale. Sp. Gr. Alec. 
40 962 28 
39 963 Q7 
38 965 26 
37 967 25 
36 968 24 
35 970 23 
84 972 22 
33 973 21 
32 974 20 
31 975 19 
30 


TABLE of the quantity of Alcohol, sp. gr. .825 at 60 F. 


im various Wines, &c. 


Proportion of 

Spirit per cent. 

by measure. 
Lissa, average ~ 25,41 
Raisin wine, average 25,12 


Marsala, average - 25,09 
Port, average - 22,96 
Madeira, average - 22,27 
Currant wine - 20,55 
Sherry, average - 19,17 
Teneriffe - 19,79 
Colares” - 19,75 
Lachryma Christi 19,70 
Constantia, white 19,75 
Ditto, red - 18,92 
Lisbon - 18,94 
Malaga (1666) - 18,94 
Bucellas’ - 18,49 


Red Madeira, average 20,35 
Cape Muschat . - 18,25 


By BRANDE. 


Proportion of 
Spirit per cent. 
by measure. 


Cape Madeira, aver. 20,51 


Grape wine - 18,11 
Calcavella, average 18,65 
Vidonia - - 19,25 
Alba Flora Bu HS 
Malaga ae ~ eee 
White Hermitage 17,43 
Rousillon, average 18,13 
Claret, average - 15,10 
Malmsey Madeira 16,40 
Lunel - 15,52 
Sheraz - - 15,52 
Syracuse - - 15,28 
Sauterne _ - - 14,22 
Burgundy, average 14,57 
Hock, average - 12,08 


Nice - - 14,63 


490 


APPENDIX. 


Table continued. 


Proportion of | 


Spirit per cent. 

by measure. 
Elder wine re via oY! 
Cider, highest average 9,87 
Barsac - - 13,86 
Tent “ - 13,30 
Champagne, average 12,61 
Red Hermitage - 12,32 
Vin de Grave, aver. 13,37 


Frontignac ~ | E279 
Cote Rotie ~ P 12532 
Orange wine,—aver- 
age of six samples 
made by a London 
manufacturer 11,26 
Tokay . - 9,88 


Proportion of 
Spirit per cent. 
by measure. 


Ditto, lowest ditto 5,21 
Perry, average of four 


samples ~ ee 
Mead . < SSM] oe 
Ale, average - 6,87 
Brown stout - 6,80 


London porter, aver. 4,20 
Ditto small beer, ditto 1,28 


Brandy - - 58,39 
Rum K - 538,68 
Gin “ - 51,60 
Scotch Whiskey 54,32 
Irish ditto - 538,90 


TABLE shewing the colour of the precipitates from metal- 
lic salts by Ferro-cyanate of Potass. 


Colour of 


Metals. Precipitates. 


Antimony 


Arsenic 


Bismuth 
Cadmium 
Cerium 
Chromium 
Grass-green 


Cobalt 


Columbium Olive 


Copper (per-salts) hodern 


Gold White 


1. Proto-salts |White, chang- 
Iron 


{Bright reddish 


Colour of 


Metals. | Precipitates. 


No precipitate. 


ing to blue. 


2. Per-salts Deep blue. 


White, chang- 
ing to yellow 
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Table continued. 


Colour of 
Precipitates.. 


Deep Orange 


No precipitate 


White 


No precipitate 


Metals. 


Tellurium 
Tin 
Titanium 
Tungsten 
Uranium 


Zinc 
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Colour of 
Precipitates. 


No precipitate 


White 


Reddish brown 


Blood-red 


White 


‘ 
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TABLE of Chemical Equivalents, or the Atomic Proportions of 


different Bodies. 


(THomson’s First Pr.) 


N. B.—In the following Table, the atomic weights are given both according to the oxigen 
and hydrogen scale. The salts are supposed to be in their crystallized state, so that the 
number representing those having water of composition, is made up of those denoting the 
anhydrous salt in union with its due proportion of atoms of water, 


A 


Acetate of alumina - 
ammonia - 
barytes - 
cadmium .- 
copper - 
iron - - 
lead - - 
lime - - 
magnesia - 
manganese 
mercury’ - 
nickel ~ 
potash - 
silver - 
soda - * 
strontium - 
zinc - - 

Acetic acid - . 

Ditto, in crystals - 

Alcohol = - - 


Alum - " i 
Alumina - = é 
Aluminum - - 
Ammonia - - 
Ammonio-carbonate of u- 
ranium » Pe 
Ammonio-muriate of cop- 
per - - - 
Ammonio-permuriate of 
iron - - - 
Ammonio-muriate of pla- 
tinum = . 
Ammonio-oxalate of cop- 
per - - i 
Ammonio-oxalate of cop- 
per - a z 
Ammonio-phosphate of 
magnesia - ~ 
Ammonio-phosphate of 
soda - - - 
Ammonio-sulphate of alu- 
mina = ’ = 


ATOMIC WEIGHTS. 


9.625 
16.25 
19.375 
16.5 
12.375 
14.125 
23.625 
16.5 


18.6875 
27.75 
19.625 
12.75 
16.125 


31.125 
59.25 


Oxy. = 1 Hyd. =1 


77 
130 
135 
132 

99 
113 
159 
132 
115 
122 
294 
129 
116 


ATOMIC WEIGHT. 


Ammonio-sulphate of cop- 


per - . - | 23.875 
Ammonio-sulphate of mag- 

nesia - - - | 22.5 
Ammonio-sulphate of man- 

ganese . - | 24.5 
Ammonio-sulphate of 

nickel - - | 24.25 
Ammonio-sulphate of po- 

tash- - - | 22.625 
Ammonio-sulphate of soda| 22.875 
Ammonio-sulphate of zinc) 25.25 
Antimonic acid - - 7.5 
Antimony - - - 5.5 
Arseniate of alumina - | 16.75 

ammonia - 9.875 


bismuth .- 20. 


cadmium - 16.875 
cobalt - 16.5 
lead 21.75 
lime = 11.25 
magnesia 19.25 
manganese 23.5 
mercury 33.75 
nickel - | 18.75 


Subsesquarseniate of silver] 29.875 


Arseniate of strontian - | 23.25 
zinc - 22 
Arsenic = - - 4.75 
Arsenic acid - - 7.75 
Arsenietted hydrogen - 4.875 
Arsenious acid - bs 6.75 
Azote - - - 1.75 
B 
Barium - - - 8.75 
Barytes - - - 9.75 
Bichloride of mercury - | 34 
platinum 21 
selenium 14 


191 
180 
196 
194 


| 


Oxy. = liHyd. = 1 
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Bichloride of tin ° 
Benzoate of ammonia 
lead - 
potash - 
Benzoic acid - x 
Bicarbonate of ammonia 
potash - 
soda 
Bichromate of ammonia 
potash 
Bifluoborate of ammonia 
Bifluosilicate of ammonia 
Bihydrate of alumina - 
Bihydroguret of phos- 
phorus - - 
Bimuriate of tin - “ 
Binarseniate of ammonia 
nickel 
potash 
soda -« 
Binoxalate of ammonia 
barytes - 
magnesia 
potash - 
soda ra 
strontian 
Biphosphate of ammonia 
strontian 
Bisilicate of lime - 
magnesia 
Bisulphate of cobalt - 
glucina - 
potash ~ 
Bismuth - - = 
Bisulphuret of carbon - 


copper - 
iron ~ 
lead - 
mercury 
platinum 
tin fs 
Bitartrate of magnesia 
potash - 
Bitungstate of ammonia 
lead ~ 
Boracic acid s e 
Boron - t, : 
Brucia aa i : 
C 
Cadmium - 5 . 
Calcium - % is 
Carbon - ~ 4 
Carbonate of ammonia 
barytes - 


ATOMIC WEIGHTS. 


16.25 


APPENDIX. 


Oxy. = l|Hyd. = 1 


130 
146 
241 
145 
120 

70 
101 

85 
139 
152 

85 


\|\Cerium x 


Carbonate of cadmium 

' cobalt - 
iron - 
lead b 
lime - 
magnesia 
manganese 
nickel - 
potash - 
silver 
soda - 
strontian 
uranium 
yttria 
Zinc 

Carbonic acid - 

oxid - 
Carburetted hydrogen 


Chloric acid he 
Chloride of antimony 
barium 
bismuth 
cadmium 
‘cerium 
chromium 
cobalt 
copper 
glucinum 
gold « 
iron « 
lead - 
lime - 
lithium 
magnesium 
manganese 
mercury = 
nickel. - 
palladium - 
platinum ~~ 


potassium 
rhodium 
silver - 
sodium é 
strontium - 
sulphur « 
tin: \.- a! 
uranium - 

yttrium = - 

zinc « - 

zirconium - 
Chlorocarbonic acid < 
Chlorocyanic acid : 
Chlorine’ - “ = 
Chloriodic acid - ae 
Chromate of aminonia - 

barytes - 


0.75 _ 
8.125 
7.25 

16.75 
6.25 


ATOMIC WEIGHTS: 


Oxy. = I\/Hyd. = ba 


86 
65 
58 
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a aout WEIGHTS. 
r Oxy: = 1 Hyd. = 1 
Chromate of bismuth - | 18.75 150 


ATOMIC WEIGHTS. 


Oxy. = 1|Hyd. = 1 


F 


cadmium - | 20.125 161 Fluoborate of ammonia 6.395 51 
chromium 11 88 Fluoboric acid - - 4.25 34 
cobalt - 13 104 Fluoric acid ? - - 2.375 19 
copper - | 13.75 110 Fluorine? - i ~ 2.95 18. 
lead - | 20.5 164 Fluosilicic acid - - 3.25 26 
lime - | 10 80 Formate of copper - | 14.125 113 
magnesia 11.25 90 lead 19.75 158 
mercury - | 32.5 260 Formic acid ‘ . 4.625 37 
nickel - | 15.25 122 Fuming sulphuric acid 11.125 89 
potash - | 12.5 100 
silver - 21.25 170 
soda - | 24 192 G 
strontian 13 104 
zinc = 11.75 94 Gallic acid m > 
Chromic acid - - 6.5 52 Glucina s+ ‘A 7 
Chromium - - ~ 3.5 28 Glucinum = * 
Citric acid - - - 7.25 58 Gold - ~ - ~ 
Ditto, in crystals - 9.5 76 Gum - - * a 
Cobalt “ - - 3.25 26 
Columbate of soda - | 34.25 274 
Columbic acid - - | 19 152 H 
Columbium ~ - | 18 144 
Copper - - - 4 32 Hydrate of alumina - 
Cyanogen - - > 3.25 26 silica “ 
zirconia - 
Hydriodic acid - 2 
D Hydrocyanic acid “ 


Hydrogen - . - 
Hyponitrite of lea - 
Hyponitrous acid - 


Decahydrate of chlorine | 15.75 126 
Deutosulphuret of potas- 


sium - ~ - 9 q2 Hyposulphuric acid - 
Deutoxid of azote - 3.75 30 Hyposulphurous acid - 
chromium 5.5 44 
\ hydrogen 2.125 17 
lead - | 14.5 116 
manganese 5 40 
Diacetate of copper* - | 23 184 Iodic acid - - 2 


lead - 34.25 364 Iodid of barium is 


Dicarbonate of copper - | 13.875 11] bismuth = 
Dichloride of antimony 15.5 124 cadmium < 
copper - | 12.8 100 calcium - 

Dihydrate of silica - 5.125 40 copper = . 
Dinitrite of lead - - | 36 288 iron - 7 
alumina - | 22.5 180 lead * . 

bismuth - | 20 232 phosphorus” - 
Diprotarseniate of iron | 20.125 | 161 potassium . 
Diphosphate of lead - | 31.5 152 silver - « 
Disulphuret of copper 10 80 sodium “ 
lead - | 28 224 strontium - 

sulphur - i 

zinc 2 = 

&E Todine b e . 


Ether, sulphuric = 4.625 37 


_ ™ The syllable di, is added to shew that the salt contains two atoms of base, (215, twice.) 


496 APPENDIX. 


ATOMIC WEIGHTS. 


ATOMIC WEIGHTS, 


® Though Dr T. assigns 1.75 as the atomic weight of olefiant gas, I am inclined to thit 
it should be .875, as it seems to be a compound of an atom of each of its ingredien 


(.75 125 = .87 5,) or, according to the hydrogen scale, 7, (6 + 1 = 7.) 


K Oxy: = 1|Hyd.=1 
Nitrate of cadmium ss - 
Kermes mineral - — - 7.625 61 cobalt - TS 142 
copper - 19.625 157 
iron - - | 19.125 153 
L lead = - | 20.75 166 
lime - - 17 136 
Lead - - - - | 13 104 magnesia =- | 16 128 
Lime - - - 3.5 28 manganese - | 19.125 153 
Lithia - - - 2.25 18 mercury ~- | 35 280 
Lithium -  - - 1.25 10 nickel - | 16625 133 
potash - | 12.75 102 
silver - 21.5 172 
M soda - ~ 10.75 86 
strontian - | 13.25 142 
Magnesia . - 2.5 20 zinc = ~ 18.75 140 
Magnesium ~ - 1.5 12 Nitrous aeid = > 5.75 46 
Manganese - - 3.5 28 Nitric acid - - 6.75 54 
Manganesic acid - 7.5 2 60 ; 
Manganesous acid = 6.5 ? 52 
‘Margaricacid - - | 33 264 O 
Mercury - “ - | 25 200 
Molybdate of ammonia 21.25 170 ——‘||Oil of vitriol - - 6 49° 
lead ~ | 23 184 = |Olefiant gas - = 1.75 * 14 
Molybdenum - - 6 48 |Oleicacid - - «= | 36 — 288 
Molybdic acid - - 9 Ro Orpiment - - - a hy be 62 
Molybdous acid - - 8 64 |\Oxalate of alumina - | 10.125 81 
Morphia_ - - - | 40.25 322 ammonia - 8.875 71 
Muriate of alumina - | 10.25 82 barytes - | 17.625 | 141 
ammonia - 6.75 54 bismuth - | 14.5 *| 116 
barytes - | 15.5 124 cadmium - | 15.875 | 127 
cadmium - | 13.75 110 cobalt - - | ll 88 
chromium 19.25 154 copper - | 10.625 85 
cobalt - | 13.375 | 107 iron - - | 11.25 $0 
copper - | 11.875 95 lead - - | 18.5 148 
glucina ss - 7-875 63 lime - - | 10.25 82 
iron - - | 12.5 100 magnesia = 9.25 74 
lime - | 14.875 | 119 manganese - | 12.375 99 
magnesia - | 12.75 102 mercury = | 31.625 | 253 
manganese 13.625 109 nickel ~ | 1325 106 
nickel - | 14.5 116 potash - | 11.625 93 
strontian - | 20.125 161 silver - | 19.25 154 
zinc = - 9 875 719 soda = - 85 68 
zirconia - | 16.25 130 strontian = | 13.25 106 
Muriatic acid ~ = 4.625 37 zinc = - 12 96 
Oxalic acid - - 4.5 36 
crystals 9 72 
N Oxid of bismuth - | 10 80 
cadmium ‘- 8 84 
Naphtha « - - 5.25 42 copper - - 5 40 
Naphthaline - « 1.25 1 palladium = 8. 84 
Nickel = - - 3.25 26 silver - = | 14.7 118 
Nitrate of ammonia - | 10 80 tellurium - 5 40 
barytes - | 16.5 132 tungsten - | 17.75 142 
bismuth - | 20.125 161 zinc - - 5.25 42 
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ATOMIC WEIGHTS. 


(Oxy. = lI|Hyd. —1| 


ATOMIC WEIGHTS. 


Oxy. =1 Hyd.= 1 | 
Ss 


a i ae 8 —_|/Phosphorous acid - | 25 
Phosphorus - ~ 1.5 12 
Phosphuret of carbon - 2.25 18 
P sulphur 3.5 28 
Phosphuretted hydrogen 1.625 13 
Palladium - a i q 56 Picrotoxia - « - | 45 360 
-Perchloric acid .- - | 11.5 92 Platinum - - - | 12 96 
Perchlorid of iron - | 12.57 100 Potash - - - 6 48 
phosphorus | 10.5 84 sulphate of alumina] 60.875 451 
tin ™ 16.25 130 tartrate of soda 35.5 284 
Pernitrate of mercury 33.75 270 Potassium * - 5 40 
Periodid of mercury . | 40.5 448 Protiodid of mercury - | 40.5 324 
phosphorus 32.5 260 Protochlorid of phospho- 
Peroxid of antimony 15 60 rus = - - 6 48 
barium 5 10.75 ? 86 tin - 11.75 94 
- cerium : 7-75 58 Protohydrate of sulphuric 
cobalt 4.75 38 acid | « ~ - 6.125 49 
gold 28 224 Protosulphuret of anti- 
iridium ~. | 5.75? mony - > - 7-5 6 
iron - 5 40 arsenic 6.75 5 
lead . 15 120 iron « 5.5 44 
mercury 27 216 mercury | 27 216 
nickel 4.75 38 platinum | 14 112 
platinum - | 14 112 potassium| 7 56 
potassium - 8 64 tin - 9.25 74 
rhodium . 7-5 60 Protoxid of antimony - 6.5 52 
sodium = 4.5 36 azote » 2.75 22 
tin - ° 9.25 74 barium > 9.75 78 
uranium - | 28 224 cerium - 7.25 62 
Persulphate of mercury | 33,25 256 chlorine - | 55 44 “ 
Persulphuret of copper 8 64 chromium 4.5 36 
gold 31 248 cobalt : 4.25 34 
iron 7.5 60 gold - | 26 208 
lead 17 136 iron > 4.5 36 
mercury | 29 233 lead - | 14 112 
platinum | 16 128 manganese 4.5 36 
potassium] 15 120 mercury = | 26 208 
tin 11.25 90 nickel ° 4.25 34 
Phosphate of alumina - 9.125 73 platinum 13 104 
ammonia 7-875 63 potassium - 6 48 
| barytes - 13.25 106 rhodium - 6.5 52 
| bismuth 16.875 | 135 sodium - | 4 32 
cadmium 12.625 101 tin Ne - 8.25 66 
cobalt 10 80 uranium - | 27 216 
copper - 9.625 77 
iron - 11.375 91 
lead ss (| «(17.5 140 Q 
lime - 56 
magnesia 13.875 lll Quadrochlorid of azote 19.75 158 
mercury 29.5 236 Quadrosulphuret of potas- 
nickel - | 11.125 89 sium - - - | 13 104 
potash - | 10.625 85 Quadroxalate of potash 31.875 255 
- silver - | 18.25 146 Quadroxid of chlorine - | 8.5 68 
soda ~ (ot 168 Quintosulphuret of potas- 
strontian 11.125 89 sium - - - | 15 120 
yy zinc - {11 88 
*hosphoric acid _ - - 3.5 28 
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ATOMIC WEIGHTS. 1, 


R Oxy. ; Oxy: =1 Hyd = 
. me ? | Sulphate of cerium : 
Realgar . - - * fy aia ge _ cobalt. “te 
Red oxid of lead - | 14.4. y capper > 
Rhodium - ~ - 5.5 _ Iron - 
lead - 
lime - 
S lithia « 
* magnesia = 
Saclactate of ammonia | 16.25 manganese” 
soda - | 22.625 ; mercury - 
baclaélt acid - - | 13 nickel - 
Selenic acid - = 7 platinum - 
Selenium - - - 5 potash = 
Seleniet of arsenic - 9.75 silver - 
Selenietted hydrogen 5.128 soda - 
Sesquicarbonate of am- strontian = 
monia- = = . 7.375 yttria Fa 
mercury 30.125 zinc = 
potash 16.87 Sulphochyazic acid == 
soda = | 10.375 Sulphur - ~ = 
Aaagutehlor ide ofiron - | 10.25 Sulphuret of antimony 
Sesquisilicate of copper © 9.125 arsenic < 
soda 7 barium - 
Sesquisulphuret of arsenic| 7.75 bismuth < 
iron 6.5 cadmium 
tin”™ | 10.25 calcium - 
Sesquisulphate of uranium) 40 ~~ cerium = 
Sesquiuraniate of barytes | 51-75 chromium” 
Silica - - - 2 cobalt 
Silicate of alumina = 4.25 columbium 
iron - . 6. ' copper -. 
' Zinc “ ae iron - 
Silicon - os = 1 lead - 
Silver = - - | 13. lithium - 
Soda = - “ = 4 magnesium 
Sodium - - - 3° manganese 
Starch - - no OH mercury - 
Strontian Het. ~ | 6. nickel = 
Str ontium «© = = 5. palladium 
Strychnia | AT. platinum © 
Sub-bichloride of éalphur 8. potassium 
Suboxid of copper a eg rhodium - 
manganese ~ 4 silver ~ 
Subphosphuretted hydro- sodium - 
gen = ~ - 1,25 strontium 
Subsesquacetate of copper | 17.125 tin - - 
Subsesquarseniate of lead | 28.75 titanium - 
mpociniate of ammonia - | 10.625 . : uranium = 
lead - | 20.25 | zinc - 
; Ser | sede - | 17 Sulphuretted ee 
Succinic acid - - 6.25 Sulphuric acid = - 
Sugar | - ~ | 10.125 ether + | < 
oo of alimina - V5.1 25 Sulphurous acid - - 
ammonia - 8.25 
_barytes é 14.75 T 
bismuth - | 15 


.cadmium - | 17.5 Tannin : Z - 


APPENDIX. 


ATOMIC WEIGHTS.. 


* 


Instead of having substances arranged as in the preced- 
ing table, if they be placed in the order of the weights of 
their atoms, and the numbers denoting these be put on 
a slide, divided by them in the same way as in Gunter’s 
scale, a great deal of useful information is derived from 
it, and much labour is saved. This constitutes the Scale 
of Chemical Equivalents, the ingenious contrivance of Dr 
Wollaston. It consists of a slide, with the numbers ar- 


ranged as already mentioned, and the fixed part, on which 


are placed the names of bodies much used in analysis, so 


_-* Jn the above table, oxigen is taken as 1. If it is wished to call it 10, all 
that is necessary in adapting the numbers of other bodies to it, is te move the de- 
cimal point in the oxigen column a figure to the right; or, where there is only 
one figure and no decimal, to add 0. Thus zinc, instead of being 4.25, will be 
42.5; and zirconia, instead of 6, will be 60. 

112 
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‘ATOMIC WEIGHTS. 


f Di sai tel Oxy. = 1|Hyd. = 1 Oxy. = 1lj/Hyd. = 1 
Tartar emetic . - | 44.25 354 ? |!Tritiodid of azote - | 37.25 2? | 298? 
Tartaric acid - - 8.25 66 Tritoxid of chlorine’ - 7.5 

. crystals - 9.375 75 |/Tungstate of lead ~ | 82.75. | 262 
Tartrate of alumina - | 11.625 93 soda - | 29.5 236 
ammonia - | 10.375 83 |[Tungsten - - = | 15.75 126 
barytes - | 18 144 Tungstic acid - - | 18.75 150 
bismuth - | 23.875 191 
cadmium - | 18.5 148 
cobalt - | 14.75 116 U 
copper - | 16.625 133 
iron - | 15 120 Uranium - - - | 26 208 
lead - | 22.25 178 Urate of sodas = - | 14.125 113 
lime - | 16.25 130 Uric acid - - 9 72 
magnesia - | 13 104 crystals - | 11.25 90 
manganese 15 120 
mercury - | 34.25 284 
nickel - | 125 100 WwW 
potash - | 16.5 132 
silver =} 23 184 Water + - - -£ 1.125 9 
soda - . 14.5 116 
Strontian - 18.125 145 og 
zinc - - 13.5 108 
Telluretted hydrogen 4.125 33 Yttria - - - 5.25 42 
Tellurium - ~ -s 4 32 Yttrium - - . 4.25 34 
Tin be ~ ~ 4-25 58 
Titanic acid - - 6 48 
Titanium - - = 4 32 Z 
Triscarbonate of bismuth | 35 _ 280 
Trisnitrate of alumina 20.25 162 Zinc - - - - 4.25 34 
Trisilicate of iron © - | 10.5 84 Zirconia = - - 6 48 
Tritantimoniate of potash! 28.5 228 |/Zirconium - + - 5 40 
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situated, that when the standard (oxigen) is at 10, they 
are immediately opposite the numbers denoting their ato- 
mic weight. The uses of this scale are :— ! 

1st, We at once find the combining proportions of simple . 
bodies.—Thus, oxigen being at 10, sodium is at 30, so that 
10 of the former and 30 of the latter unite, and the name 
of the resulting compound, soda, is of course at 40. ‘The 
number denoting sulphur is 20, so that oxigen.and it unite 
in the proportions of 10 and 20, to form hypo-sulphurous 
acid. But sulphur combines with 2 and with. 3 atoms of 
oxigen, so that 20 combine with 20 and with 30, to form 
sulphurous and sulphuric acid. When compounds com- 
bine with compounds, it is according to their atomic pro- 
portions; thus 40 of soda unite with 50 of sulphuric aeid, 
and sulphate of soda is opposite 90 *. 

2d, We find the proportions of the ingredients of com- 
- pounds.—Phosphate of potassa, for instance, is opposite 95, 
and by looking for phosphoric acid, we find it at 35, and 
potassa at 60, so that 95 of the salt contain 35 of acid and 
60 of alkali. Opposite potassium is 50, so that 60 of po- 
tassa consist of 50 of base and 10 of oxigen; and opposite 
phosphorus is 15, so that 85 of phosphoric acid contain 15 
of base, the remainder, 20, is oxigen; but oxigen in the 
scale is 10, hence the acid must have 1 atom of phospho- 
rus, and 2 of oxigen. : ei eo 

3d, We find the quantity of one body necessary for the de. 
composition of another.—Thus, carbonate of lime is oppo- 
site 63.5, tartaric acid opposite 82.5. Now, since this acid 


* As the scale would be inconveniently long were all substances placed im- 
mediately opposite their atomic numbers, the names of a few are put at their 
number, multiplied by 10. Thus, carbon should be at 7.5, and hydrogen at 
1.25, numbers not on the slide, instead of which they are opposite 75 and 
12.5. Hence, in finding the composition of any body containing these, the 
number given by the scale must be divided: by 10. Thus, water is opposite 
11.25 ; in wishing to find its composition, we observe oxigen at 10, and hy- 
drogen at 12.5, but the last must be divided by 10; %. e. the decimal point 
must be brought in a figure to the left, making it 1.25, so that water is com- 
posed of oxigen 10 + hydrogen 1,25 = 11.25, The substances thus situated, 
have 10 placed before them. . 


s 
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will unite with lime, it must do so in proportion according 
to the number applied to it, which is 86; but 63.5 of car- 
bonate contain 36 of lime, so that 82.5 of tartaric acid 
will decompose 63.5 of carbonate. 

4th, We find the quantity of the newly formed products.— 
In the instance given, 82.5 of tartaric acid being added to 
63.5 of carbonate of lime, the products are 118.5 of tar- 
trate of lime, and 27.5 of carbonic acid. 

These remarks apply also to the decomposition of com- 
pounds by compounds. Thus, 90 of sulphate of soda, re- 
quire 165 of nitrate of baryta, and the products are 147.5 
of sulphate of baryta, and 107.5 of nitrate of soda. 

5th, Since the part with the numbers is moveable, instead 
of always keeping the same opposite the different bodies, 
we may place any numbers to them, and thus we are en- 
abled to find the composition of any quantity of a compound, 
or the quantity of a body necessary for the decomposition of 
any quantity of another.—If for instance the slide be push- 
ed up till 20 is opposite oxigen, (twice its original number,) 
it will be observed that the numbers opposite all other 
‘bodies are also doubled. If 30 be put opposite it, other 
substances are trebled. If the slide be brought down till 
10 is at sulphur, (half its original number,) the numbers 
of all others are reduced to a half, and so on; by whatever 
number we multiply or divide any one substance, by moy- 
ing the slide upwards or downwards, we multiply or divide 
all others exactly in the same ratio. Suppose now, that we 
wish to find the quantity of sodium that 16 of oxigen will 
unite with. Having moved the slide up till 16 is at oxi- 
gen, sodium will be found opposite 48, so that 16 of the 
former unite with 48 of the latter, and produce 64 of soda, 
opposite which soda will be found. Again, suppose we 
wish to find the proportions of the ingredients of 64 of 
phosphate of potass. Having brought the slide down till 
64 is opposite it, we find phosphoric acid at 23.5, and po- 
tass at 40.5, so that these are the proportions of the ingre- 
dients. In the same way, by placing the number denoting 
the weight of any compound opposite its name on the scale, 
the proportion of any simple or compound necessary for its 
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decomposition, and the quantity of the newly formed com: 
pounds, are ascertained. ore) on 
- 6th, We can find the equivalent of the different salts ; that 
is, if we have a certain quantity of sulphate of soda, we as- 
certain how much sulphate of lime, or indeed of any other 
sulphate, the acid in it would form; or we find how much 
carbonate of soda, or of any other soda salt the alkali in 
the sulphate would yield. If, for instance, a mineral water 
has yielded by evaporation 72 of sulphate of lime, and 96 
muriate of soda, but we suppose the lime to exist in the 
water as muriate, having put '72 opposite sulphate of lime, 
we find its composition to be 41.8 of acid and 30.2 of earth ; 
the quantity of muriatic acid with which the lime should 
combine, is denoted by the number opposite it, which is 
29.3, so that '72 of sulphate of lime are equivalent to 59.5 
of muriate, (30.2 of lime + 29.3 of muriatic acid = 59.5) 3 
the quantity of soda with which the sulphuric acid should 
be in union, is also pointed out by the number at it, which 
is 33.45, so that '72 of sulphate of lime are equivalent to 
45.25 of sulphate of soda, (41.8 + 33.45 = 15.25.) © 

~ Dr Wollaston has chosen oxigen as his standard, calling 
it 10, but with the same scale the hydrogen standard may 
be taken. All that is necessary, is to draw the slide down 
till 10 is at hydrogen, and then the other bodies are oppo- 
site their atomic numbers. (See the original paper of Wol- 
laston, Ph. Tr. 1814.) HY 


GLOSSARY. 


ALKALI, (from the Arabic al, kali, the salt,) a name 
originally given to the salt (carbonate of potass,) pro- 
cured from certain vegetables, but now applied to 
potassa, soda, and ammonia; and hence also 
ALKALIFIABLE, which, in its most extended signifi- 
cation, means a substance generating a compound, that, 
with others, forms salts. 3 
ANALYSES, (azavw, to separate, ) decomposition or sepa- 
ration of the ingredients of a compound. 
ANHYDROUS, («, priv. ide, water,) a term attached to 
the names of bodies, to shew that they do not contain 


water. 


BAROMETER, (Bagv;, heavy, and eres, a measure,) an 


instrument for measuring the pressure of the air. 


CALORIC, (from the Latin calor), a term employed to de- 
note the agent by which heat is produced. 

CALORIMETER, (calor, and perg, a measure,) an in- 
strument invented by Lavoisier and Laplace, for as- 
certaining the heat given out by bodies. 

CALX, a term used to denote the oxids of metals, from 
their being more spongy than the metals themselves. - 

CHLORINE, (xA#eos, green,) so called from its greenish 
colour. 

CREOPHYRUS, (Kev, cold, and ?ga, to bear,) an instru. 
ment contrived by Wollaston, for shewing the gene- 
ration of cold by evaporation. 

CYANOGEN, (xvaves, caeruleus, and yaw, to generate, ) so 
called from its generating compounds of a blue colour. 
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DECREPITATION, (crepito, to crackle,) salts splitting 


with a crackling noise, when heated, from the conver- 
sion of their water into vapour. 
DELIQUESCENCE, (deliquesco, to become moist,) salts 
absorbing moisture when exposed to the air. 
DEFLAGRATION, a term applied originally to denote 
the action of bodies containing oxigen on inflammables, 
by which they burn as in air or oxigen. 


EFFERVESCENCE, (effervesco, to -boil over,) the -dis- 
engagement of a gas from a fluid, or froma solid by 
the action of a fluid. 

EFFLORESCENCE, (effloresco, to blow like a eee 
salts losing their water of crystallization, and becom- 
ing a dry dee 

ELECTRICITY, (nasreov, amber,) amber being the sub- 

| stance first found to excite electricity by friction. 

EUDIOMETRY, (i, bene, and wergor,) a term used origi- 
nally to denote a process for ascertaining the purity of 
air, the atmosphere being, at one time, supposed to 
contain, in different places, different proportions of 
oxigen, or the pure part of the air, as it was called; 
but now used to signify the analysis of gases in ge- 
neral. 


HYDRATE and HYDROUS, (ide, water,) terms attach- 
ed to other words to shew the presence of water. 
HYDRO, a term attached to the names of bodies, to shew 

that they contain hydrogen. 

HYDROGEN, (idcg, water, yaa, to generate), peg by 
its union with oxigen, it forms water. 

HYGROMETERS, (iyeoc, humidus,) instruments used for 
ascertaining the state of the atmosphere with Ferns 
to moisture. 

HYPER, (ize, above,) a term attached to the names of 
other bodies, to shew that one of the ingredients is 
in larger quantity than in that to the name of which it 

is fixed ; hyper-chloric acid has more oxiene than chloric 


has. 
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HYPO, (ix, under,) a term attached to the names of 
_.. bodies, to shew that one of the ingredients is in less 
quantity than in that the name of which it is attached 
to; thus, hypo-nitrous acid has less oxigen than nitrous. 


IODINE, (s#d2, violaceous,) so called from the colour of 
its vapour. 


MENSTRUUM, (mensis,a month,) a fluid used for dissolv- 
ing a solid, so called, because in many cases a consi- 
derable time was required to complete the solution. 

MORDANT, (mordeo, to bite,) a substance used to fix 
colour on cloth, so called from the idea of its biting 
at in. 


NASCENT STATE, (nasco, to be born,) a term used to 
denote when a body is just set free from another with 
which it was in union, being as it were then brought 
into existence. 

NEUTRALISATION, (neuter, neither,) when one body 
has combined with another, and the properties of both 
are destroyed. 

NITROGEN, (nitre, and yeas, to generate,) because by its 
union with oxigen, it forms nitric acid, a component 
part of nitre. 


OXIGEN, (cfvs, acid, yea, to generate,) from its being 
supposed to be the generator of water. 

OXID, a substance containing oxigen, not having acid 
properties. 


PHLOGISTON, (920%, flame,) the supposed principle of 
heat and light of Stahl. 

PHOSPHORESCENCH, (9s, light, and gga, the emission 
of light,) hence also phosphorus. 

PNEUMATIC, (avvue, air,) of or belonging to air ; pneu- 
matic trough, pneumatic chemistry. 

‘PRECIPITATION, (precipito, to throw down,) the for- 
mation of a solid by the action of Aids, the solid fall. 
ing to the bottom. 
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PYRO, (ave, fire,) a term attached to the names of other 
bodies, to shew that they have been produced by the 
action of fire; pyro-ligneous acid, is acid got ae 
wood by exposure to a strong heat. 

PYROMETER, (avg, fire,) an instrument for ascer tas 
high temperatures. 


S ATURATION, when a fluid has dissolved as Sel as it 
can of a solid, it is said to be saturated. 

SOLUTION, (solvo, to loosen,) the action between a solid 
and. fluid, the former becoming fluid. 

SYNTHESIS, (covreyes, to put together,) fhe union of bo- 
dies by Te attraction. 


THERMOMETER, (égun, heat, and pergor, a measure,) 

an instrument for ascertaining temperature. 
DIFFERENTIAL, of Leslie, for 
pointing out the difference between the temperature of 
its balls. 


CENTIGRADE, so called, because _ 

the space from the freezing to the boiling points, is di- 

vided into 100 degrees. 

REGISTER, for indicating the 
highest or lowest temperature during any time. 

THERMOSCOPE, (cen, heat, and cxozes, scopus;) an in- 

_ strument contrived by Leslie, for measuring the effect 

of radiant teats 7 


VITRIOLS, (vitreum, glass,) bodies having a vitreous ap- 
pearance. 

VITRIOL, oil of, sulphuric acid, a fluid of an oe con- 
sistence got from green vitriol, or sulphate of iron. 


WATERY FUSION, salts, when slightly heated, becom- 
ing fluid, from their being dissolved by their water of 
crystallization, to distinguish it from fusion by heat 
alone. 


XANTHOGEN, (Za60;, and yovae, to generate,) so called 
from the yellow colour of some of its compounds. 


IND E xX. 


A 


ACETATES, ii. 224. 
of alumina, 226. 
of ammonia, 225. 
of baryta, 226. 
of copper, 227- 
of iron, 226. 
of lead, 227. 
of potassa, 225. 
of soda, 225. 
of zinc, 229. 
Acetous fermentation, ii. 156. 
Acidifying principles, i, 171. 
Acids, i. 282. 
composition of, i. 284. 
division of, i. 284. 
nomenclature of, i. 284. 
Acidulous mineral waters, ii, 419 
Acuminated, 1. 121. 
Adipocire, ii. 268. 
Aerial acid, i. 294. 
Aerometer, i. 69. 
Affinity, i. 124. 
changes produced by, i. 128. 
divellent, i. 142. 
double elective, i. 142. 
measure of force of, i. 133. 


modified by other powers, i. 


130. 
single elective, i. 139. 
quiescent, i. 142. 
table of, 11. 481. 
yee atmospheric, i. 162. 
Alabaster, i. 462. 


Albumen, ii. 274. 
incipient, ii. 309. 
Alcohol, ii- 144. 
quantity of in fluids of diffe- 
rent sp- gr. il. 458. 
quantity of in wines, &c.ii.489 
of sulphur, i. 250. 
Ale, ii. 141. 
Alkalifiable bodies, i. 347. 
classification of, i. 362. 
Alkali, volatile, i. 377. 
Alkalies, i. 372. 
division of, i. 372. 
fixed, i. 372. 
vegetable, ii. 251. 
Alloys, i. 355. 
antimony, ii. 70. 
bismuth, 108. 
cadmium, 117. 
copper, 26. 
gold, 85. 
palladium, 107. 
platinum, 103. 
silver, 95. 
tin, 39. 
zinc, 45. 
Aloes, ii. 195. 
Alum, i. 494 
Alumina, i. 493. 
how prepared, i. 497. 


Amadou, i. 86. 
Amalgamag, ii. 61. 

ammoniacal, i. 380, and ii, 388. 
Ambergris, ii. 308. 
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Ambreine, ii. 308. Atomic doctrine, i. 150. 
Ammonia, i. 377. weights, table of, ii. 493. 
how got, i. 466. Atmometer, i. 194. 
tests of, ii. 425. Atropia, li. 259. 
Ammoniuret of copper, ii. 25. Attraction, i. 115. 
of silver, ii. 91. adhesive, i. 123. 
Amnios, liquor of, ii. 316. changes produced by, i. 128. 
Amniotic acid, ii. 316. chemical, i. 123. 
Amiline, ii. 167. cohesive, i i, 116. 
Analysis, i. 120. divellent, i. 142. 
destructive, ii. 135. elective, i. 139. 
of mineral waters, ii. 421. electrical, i. 115. 
Anhydrous, i. 312. forces of, i. 134, 
Animal chemistry, ii. 261. ' magnetic, i. 115. 
fluids, ii. 283. - measure of, i. 145. 
heat, ii. 295. of gravitation, i. 115. 
oils and fats, ii. 281. powers influencing, i. 130. 
principles, ii. 266. quiescent, i. 162. 
solids, ii. 339. Attractions, contiguous, i. 115. 
Annealing of glass, i. 505. remote, i- 115, 
of metals, i. 347. Auric acid, ii. 82. 
Annotta, ii. 354. Aurum musivum, ii. 37. 
Anthracite, ii. 207. Azote, i. 204. 
Antimonic acid, ii. 64, Azure blue, ii. 113. 


Antimonious acid, ii. 64. 

Antimony, ii. 63. 
alloys of, ii. 70. 
chlorids of, ii. 66. B 
crocus of, ii. 68. . 
glass of, ii. 66. 


oxids of, ii. 63. Baking, ii. 173. 
precipitated sulphuret, ii. 6. | Balloon, i. 199. 
salts of, ii. 66. Balsams, ii. 194. r 
sulphurets of, ii. 65. Bandanas, ii. 360. 
tartrate of, ii. 235. Barilla, i. 401. 
Aqua fortis, i. 285. assay of, ii. 454, 
Aqua Regia, i. 333. Barium, i. 470. 
Aqueous humour of the eye, ii. Bi. oxid of, i. 47 % 
Arbor Diana, ii. 92. | chlorid, i. 477. 
Archill, ii. 355. sulphuret, i, 475. 
Argentine flowers of antimony, ii. 63. | Barley, malting of, ii. 139. 
Argil, i. 403. Barometer, i. 166. 
Arnotta, ii. 354. Baryta, i. 471. 
Arrow root, ii. 169. how prepared, i. 473. 
Arseniate of potassa, i. 421. salts of, i. 473. 
Arsenical solution of Fowler, i. 421. | Beer, ii. 141. 
Arsenic, i. 246. Bell metal, ii. 89. 
acid, i. 307. Benzoates, ii. 245. 
sulphuret, i. 252. Benzoic acid, ii. 244. 
tests of, ii. 437. Bevelment, i. 121. 
Arsenite of copper, ii. 25. Bezoardic acid, ii. 326. 
of potassa, i. 421. Bi-carbonate of potass, i. 399. 
of silver, ii. 93. | ’ soda, i. 402, 
Arsenous acid, i. 306. ammonia, i. 404. 
Arsenuretted hydrogen, i. 247. Bi-hydroguret of carbon, i. 231, 
Asparagin, ii. 220. how. obtained, ii. 148. 
Asphaltum, ii. 206. sete of phosphorus, i. “+, 
. Assafoetida, ii. 195. | Bile, ii. 302. 


Atmosphere, i. 162. fd Biliary calculi, ii. 305. 
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Bismuth, ii. 107, 

alloys of, ii. 108. 

salts of, ii. 108. 
Bitter principle, ii. 349. 
Bittern, i. 483. 
Bitumens, ii. 305, 
Black lead, i. 238. 
Bleaching, i. 454. 

compound, i. 450. 

Blende, ii. 42. 
Blood, ii. 282. 

clot of, ii. 285. 

colouring matter of, ii. 285. 

serum of, ii, 284. 
Blow-pipe, i. 90. 

oxi-hydrogen, i. 197. 
Boiling point, how affected, i. 69. 
Boletic acid, ii. 249. 
Bones, ii. 343. 
Borates, i. 406, 
Boracic acid, i. 305. 
how prepared, i. 407. 

Borax, i. 406. 
Boron, i. 245. 
Brain, ii. 342. 
Brandy, ii. 143. 
Brass, ii. 45. 
British gum, ii. 167: 
Bromine, ii. 458. 
Bromic acid, ii. 459. 
Bronze, ii. 39. 
Brucia, ii. 257. 
Butter, ii. 310. 

milk, ii. 310, 

of antimony, ii. 66. 
Butyric acid, ii. 311. 
Butyrin, ii. 311. 


C 


Cadmium, ii. 116. 
salts of, ii, 117. 
Caffein, ii. 219. 
Calamine, ii. 43. 
Calcareous fossils, i. 458. 
Calcium, i. 445. 
Calcination, i. 348. 
Calculi, biliary, ii. 307. 
urinary, ii. 330. 
Calico-printing, ii. 354. 
Calomel, ii. 52. 
how prepared, ii. 59. 
Caloric, i. 1. 
absolute or specific, i. 53. 
capacities of bodies for, i. 51; 
communication of, i. 26. 
conduction of, i, 127. 
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Caloric, effects of, i. 4. 
- expansion produced by, i. 4. 
(in gases, i. 5. 
liquids, i. 5. 
_ solids, i. 4. 
uses of, i. 11. 
fluidity produced by, i. 57. 
latent, i. 60. 
quantity of in bodies, i. 51. 
radiation of, i. 36. 
sources of, i. 84. 
Calorimeter, i. 21. 
Calx, i. 348. 


| Camphor, ii. 190. 


Camphorates, ii. 191. 
Camphoric acid, ii. 191. 
Canton’s phosphorus, i. 106. 
Caoutchouc, li. 195. 
Capillary attraction, i. 123. 
Capacity for caloric, i. 51. 
table of, ii. 475. 
Capric acid, ii. 311. 
Caproic acid, ii. 311. 
Carbazotic acid, ii. 350. 
Carbon, i. 219. 
Carbonates, i. 396. 
of ammonia, i. 403. 
of copper, ii. 24. 
of iron, ii. 8. 
of lead, ii. 30. 
of manganese, ii. 74. 
of potassa, i. 397. 
of soda, 1. 400. 
of zinc, ii. 43. 
Carbonic acid, i. 292. 
tests of, ii. 422. 
oxid, i. 226. . 
Carbo-sulphurets, i. 442. 
Carburets, i. 350. 
of iron, ii, 4. : 
Carburetted hydrogen, i. 231. 
Carmine, ii. 356. 
Carron oil, ii. 183. 
Cartilage, ii. 344. 
Caseic acid, ii. 313. 
oxid, ii. 313. 
Casein, or caseous matter, ii. 312. 
Cassius, powder of, ii. 84. 
Catechu, ii. 200. 
Cathartin, ii. 218. 
Caustic, lunar, ii. 91. 
Cements, i. 469. 
Cerin, ii. 176. 
Cerium, ii. 118. 


Ceruleo-sulphates, ii. 350. 


Cerulin, ii. 350. __ 


Ceruse, ii. 81. 


Chalk, i. 458. 
Chalybeate waters, ii. 419. 
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Chameleon mineral, ii. 76. 
Charcoal, i. 219. 
‘animal, ij. 346. 
‘ised for decolorising, 
i. 223. ii. 252. and 
444. 
Cheese, ii. 312. 
Chemical action, i. 124, 
(See Attraction.) 
Chemistry, analytic, ii. 415. 
animal, ii. 261. 
vegetable, ii. 135. 
Chlorates, i. 411. 
ammonia, i. 419. 
baryta, i. 476. 
potassa, i. 411. 
soda, i. 419. 
Chloric acid, i. 320. 
how obtained, i. 476. 
Chlorid of antimony, ii. 56. 
barium, i. 477. 
calcium, i. 464. 
carbon, 1. 266. 
gold, ii. 81. 
iodine, i. 273. 
lead, ii. 33. 
_ lime, i. 449. 
mercury, ii. 52. 
_ nitrogen, i. 261. 
phosphorus, i i. 264. 
platinum, ii. 100. 
potassium, ii. 369. 
selenium, i. 276. 
silver, ii. 89. 
sodium, i. 371. 
strontium, i. 484. 
sulphur, i. 269. 
tin, ii. 38. 
Chlorine, i. 254. 
how prepared, ii. 75. 
protoxid of, i. 257. 
~ how obtained, i i. 413. 
peroxid of, i. 259. 
how obtained, i. 414, 
use in bleaching, i. 450. 
Chloriodic acid, i. 273. 
Chloro-carbonic acid, i. 268. 
Chloro-cyanic acid, i. 344. 
Chlorurets, (see Chlorids. ) 
Cholesterine, ii. 307, 
Cholic acid, ii. 306. 
Chromates, ii. 122. 
iron, ii. 123. 
lead, ii. 123. 
mercury, ii. 123. 
potass, ii. 122. 
silver, ii. 123. 
Chrome iron ore, ii. 123. 
Chrome, yellow, ii. 123. 
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Chromic acid, ii. 120. 
oxid, ii. 121. 
Chromium, ii. 120. 
Chrystalline lens, ii. 312. 
Churning, ii. 310. 
Chyle, ii. 309. 
Chyme, ii. 300. 
Cinchonia, ii. 254. 
Cinnabar, ii. 52. 
Citrates, ii. 242. 
Citric acid, ii. 241. 
Coke, i. 92. - 
Coal, ii. 207. 
gas, ii. 209. 
Cobalt, ii. 109. 
Cochineal, ii. 356. 
Cohesion, i. 115. 
Cohesive attraction, i. 116. 
modifies ch. attraction, i. 130: 
Cold, i. 2. 
sources of, i. 95. 
Colocyntin, ii. 221. 
Colouring matier, ii. 345. . 
of blood, ii. 285. 
Colours, adjective, ii. 358. 
substantive, ii. 358. 
Columbic acid, ii. 132. 


Columbiun, ii. 132. . 


Combination, i. 124. 
laws of, i. 146. 
Combining proportions, i. 151. 
Combustibles, i. 175. 
Combustion, i. 175. 
source of heat, i i. 88. 
theories of, i. 77. 
Conductors of caloric, 1-27. 
of electricity, ii. 374. 
Congelation, i. 58. 
Contiguous attractions, i. 115. 
Copal, ii. 194. 
Copper, ii. 21. . 
alloys of, ii. 39. 
oxids of, il. 22. 
salts of, ii. 23. 
sheathing, how Prenpetst;} 11-404.) 
Cork, ii. 218. , 
Corrosive sublimate, ii. 5257. 
Couronne de tasses, ii. 378. 
Cream, ii. 310. ‘ "e ms 
of tartar, ii. 233. 
Creophyrus, ii. 97. _ 
Crocus of antimony, ii. 68. 


Crude antimony, ii. 67, 


Crystallization, i- 118. 

water oe} i. rhths *y 
Curcuma, ii. 356. 
Curd, ii. 312. 


Currents in air, i. 32.: ' 


‘in fluids, i..30... é 
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Currying, i i. 269. 
Cuticle, ii. 339: 
Cyanic acid, i. 324, 
how formed, ii. 16. 

Cyanids, i. 353. 
Cyanogen, i. 278. 

how prepared, ii. 18. 
Cyanurets, i i. 353. 

of mercury, ii. 19. 

how prepared, ii. 17. 

of potassium, i, 441. 

Cystic oxid, ii. 385. 


D 


Daniel’s pyrometer, i. 20. 

Decomposition, i. 125. 
double, i. 142. 
single, i. 139. 

Decrepitation, i. 359. 

Definite proportions, i. 152. 

Deflagration, i. 384. 

Deliquescence, i. 359. 

Delphia, ii. 258. 

Derby spar, i. 277. 

Derivative form, i. 122. 

Dephlogisticated air, i. 172. 

Derosne, salt of, ii. 251—254. 

Detonating balls, ii. 60. 
mercury, ii. 60. 
silver, ii. 93, 
gold, ii. 82. 

Diamond, i. 238. 

Differential thermometer, i. 13. 

Distillation in general, i. 81. 
of whisky, ii. 142. 

Dutch leaf, ii. 46. 

Dyeing, ii. 357. 

Dye stuffs, ii. 347. 


E 


’ Earths, i. 444. 

Earthen ware, i. 508. 

Efflorescence, i. 359. 

Egg shells, ii. 346. 

Eggs, glair of, ii. 274. 

Elain, ii. 181. 

Elasticity modifies affinity, i. 133. 

Elagic acid, ii. 249. 

Electrical conductors, ii- 372. 
discharger, ii. 368. 
eel, ii. 372. 
jar, ii, 368. 
machine, i ii. 362. 
pistol, ii. 370. 

Electricity, ii. 360. 
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Klectricity, animal, ii. 376. 
atmospheric, ii. 373. 
galvanic, li. 377. 
voltaic, ii, 377. 
Electro-chemical theory, ii. 401. 
Electro-magnetism, ii. 406. 
Electro-negatives, ii. 400. 
positives, ii. 400. 
Electrometer, ii. 366. 
Electromotors, ii. 396. 
Elementary particles, i. 114, 
Emetia, ii, 259. 
Emetic tartar, ii. 235. 
Empyreal air, i. 171. 
Enamel, i. 507. 
Epsom salts, i. 489. 
Epidermis, ii. 339. 
Equivalents, chemical, scale of, ii. 499. 
table of, ii. 493. 


| Erythric acid, ii. 329. 


Erythrogen, ii. 307. 
Essential oils, ii. 186. 
salt of lemons, ii. 239. 
Ether, ii. 150. 
acetic, ii. 229. 
muriatic, ii. 156. 
nitric, ii. 154. 
sulphuric, ii. 151. 
Ethiops mineral, ii. 51. 
Euchlorine, i. 257. 
Eudiometer, Hope’s, i. 426. 
Ure’s, i. 202. 
Volta’s, i. 202. 
Eudiometry by spongy platinum, i. 
203. 
Evaporation, i. 66. 
spontaneous, i. 190. 
Expansion of airs, i. 5. 
liquids, i. 5, 
solids, i. 4. 
table of, ii. 473. 
exceptions to, i. 22. 
uses of, i. 11. 
Extractive matter, ii. 204. 
Eye, humours of, ii. 315. 


F 


Farina, i ii. 166. | 

Fat, ii. 281. 

Peathers, ii. 341. 

Fecula, ii. 166. 

Ferment, ii. 138. 

Fermentation, ii. 137. 
acetous, ii. 156. 
putrefactive, ii. 159. 
vinous, ii. 138. 


Ferro- cyanates, ii. 15. 
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Ferro-cyanates of copper, ii. 25. 
of iron, ii. 17. 
of mercury, ii. 60. 
of nickel, ii. 115. 
of potass, ii. 15. 
of zinc, ii. 45. 
table of colour of, 
ii. 490. 
Ferro-cyanic acid, ii. 13. 
Ferro-cyanogen, ii. 14. 
Fibre, woody, ii. 216. 
Fibrin, ii. 277. 
in blood, ii. 234. 
Filters, ii. 430. 
Fire damp, ii. 233. 
Flame, 1. 83—89. 
Fixed air, 1. 294. 
Fixed oils, ii. 177. 
Flesh, ii. 341. 
Flint, i. 510. 
Flowers of sulphur, i. 249. 
Fluates, i. 440. 
Fluidity, i. 57. 
Fluoric acid, i. 338. 
Fluoboracic acid, i. 340. 
Fluosilicates, i. 502. 
Fluosilicic acid, 1. 501. 
Fluorine, i. 277. 
Fluor spar, i. 454. 
Fluorid of ealcium, i. 454. 
Flux, black, ii. 233. 
Forces of affinity, table of, ii. 481. 
Formic acid, ii. 282. 
Forsyth’s lock, i. 417. 
Freezing mixtures, i. 98. 
table of, ii. 480. 
Freezing by evaporation, i. 195. 
Frit, i. 504. 
Fuller’s earth, i. 493. 
Fulminating gold, ii. 82. 
mercury, ti. 60. 
silver, ii. 93. 
Fulminic acid, i. 326. ii. 94. 
how prepared, ii. 95. 


Fumigation by muriatic acid, 1. 438. 


nitrous acid, i. 391. 
Fuming liquor of Libavius, ii. 37. 
Fungin, ii. 218. 
Fusion by heat, i. 58. 
watery, i. 358. 
Fusible metal, ii. 109. 


‘ 


Galena, ii. 30. 
Gallates, ii. 247. 
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Gallic acid, ii. 246. 

Gall nuts, ii. 198—200. 

Gall stones, ii. 307. ~ 

Galvanic battery, ii. 377. 

Galvanism, il. 375. hk 
chemical effects of, ii. 382. 
connection of with elec- 

tricity, ii. 394. 
magnetism, ii. 406. 
modes of production, ii. 
377°" 
theories of, ii. 396. 
uses of, ii. 402. 

Gases, i. 68. , 
conducting power of, i. 32. 
condensation of, i. 68. . 
expansion of, i. 5. 
formula for correcting the 

pi changes occasioned, 
by heat, i. 169. 
by moisture, i. 193. 
by pressure, i. 167. 

methods of drying, 1. 193. 
Gas from coal, ii. 209. 
oil, ii. 185. 

Gastric juice, ii. 300. 

Gelatin, ii. 266. 

Germination, ii. 140. 

Glacial oil of vitriol, ii. 10. 
phosphoric acid, i. 461. 

Gilding, ii: 86. 

Gin, ii. 143. 

Glass, i. 503. 
annealing of, ii. 505. 
cracking of by heat, i. 10- 
how coloured, i. 507. 
of antimony, ii. 66. 

Glauber’s salt, i. 409. 


| Gliadine, ii. 171. 


Glucina, ii. 510. 
Glucinum, ii. 510. 
Glue, ii. 273. 
Gluten, ii. 170. 
Gold, ii. 79. . 
fulminating, ii. 82. 
Gong, Indian, ii. 40. 
Goulard’s extract, ii. 229. 
Gravel, urinary, li. 333. 
Gravitation, i. 115. 
Gravity, specific, ii. 463. 
effects of on chemical 
attraction, i- 132.. 
Guaicum, ii. 194. 
Gum, ii. 163. 
Gum resins, ii. 193.. 
Gum tragacanth, ii. 165. 
Gun metal, ii. 39. 
Gunpowder, i. 285. 
Gypsum, i. 462. 
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H 


Hematin, ii. 353. 
Hair, ii. 340. 
Harrogate water, ii. 419. 
Hartshorn, i. 377. 
Heat, (see Caloric. ) . 
animal, ii. 295. 
Heavy spar, i. 475. 
Hemp, sugar from, ii. 166. 
Hollands, ii. 143. 
Homberg’s Pyrophorus, i, 496. 
Hordein, ii. 174. 
Horn, ii. 346. 
Hornbeam, sugar from, ii. 166. 
Humours of the eye, ii. 315. 
Hydr, i. 285. 
Hydracids, i. 326. 
salts of, i. 442. 
Hydr-alkali, i. 377. 
salts of, i. 360. 
Hydrate, i. 285. 
Hydriodates, i. 439. 
ammonia, i. 439. 
_ potass, i. 439, 
soda, i. 439. 
Hydriodic acid, i. 335. 
Hydro-acetic ether, ii. 230. 
Hydro-bromates, ii. 461. 
Hydro-bromic acid, ii. 459. 
Hydro-carbons, ii. 213. 
Hydro-chlorates, (see Muriates. ) 
Hydro-chloric acid, i. 330. 
Hydro-cyanates, i. 440. 
Hydro-cyanic acid, i, 341. 
how prepared, ii. 20. 
tests of, il. 452. 
Hydro-ferro-cyanates, ii. 15, 
Hydro-ferro-cyanic acid, ii, 14. 
Hydro-fluoric acid, i. 338. 
how obtained, i. 455, 
Hydrogen, i, 183. 


how obtained, ii. 9—43. 


arsenuretted, i. 247. 
carburetted, i. 229. 
deutoxid of, i. 202. 
how prepared, 1. 472. 
phosphuretted, i. 241. 
selenuretted, i. 337. 
sulphuretted, i. 326. 
telluretted, ii. 129. 
Hydrogen lamp, i. 200. 
Hydroguret of carbon, i. 229. 
of phosphorus, i. 241. 
of potassium, i. 368. 
Hydro-sulphates, i. 422. 
Hydro-sulphites, i. 424. 
Hydro-sulpho-cyanates, i. 441. 
Hydro-sulphurets, i. 422. 
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Hydroxanthates, i. 442. 
Hydroxanthic acid, i. 345. 
Hygrometers, i. 194, 
Eyper-oximuriate of potass, i. 411 
Hyper-oximuriatic acid, i. 321. 
Hypo-phosphorous acid, i. 304. 
Hypo-nitrous acid, i. 292. 
Hypo-sulphuric acid, i. 320. 
Hypo-sulphurous acid, i. 319. 
Hyosciama, ii. 260, 


I 


Igasuric acid, ii. 249. 
Ignition, i. $2. 
Incandescence, i. $2. 
Indigo, ii. 347. 
Indigogene, ii. 352. 
Inflammables, i. 175. 
Ink, ii. 201. 
indelible, ii. 91. 
sympathetic, 11. 111. 
Instantaneous light-giving lamp, i. 
200. 
syringe, 1. 86. 

Integrant particles, i. 114. 
Inulin, ii. 222. 
Iodates, i. 419. 
Iodic acid, i. 323. 
Iodid of chlorine, i. 273. 

of nitrogen, i. 272. 

of phosphorus, i. 272. 

of sulphur, 1. 273- 
Iodids, metallic, i. 353. 


Iodine, i. 271. 


how detected, ii. 421. 
how obtained, i. 439. 
sources of, i. 274. : 
Ipecacuanha, ii. 260. 
Iridium, ii. 104. 
lron, ii. 1. 
carburet, ii, 4. 
ferro-cyanate, ii. 17. 
oxids of, ii. 2 
salts, ii. 7. 
sulphuret, ii. 6. 
tests of, il. 427. 
Isinglass, ii. 273. 
Ivory blacking, ii. 346. 
used for decolorizing, i. 223. 
ii. 252, 444. 
James’s powder, ii. 69. 
Jelly, ii. 267. 


K 


Kermes mineral, ii. 68. 
Kelp, i. 401. 
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Kelp, assay of, ii. 454. 
Kinic acid, ii. 248. 
King’s yellow, i. 253. 
Kino, ii. 200. 


Lac, ii. 176. 
Lactic acid, ii. 314. 
Lake, ii. 255—257. 
Lamp of safety, i. 234. 
without flame, ii. 150. 
Lamp black, i. 237. — 
Lampic acid, ii. 154. 
Lard, ii. 281. 
Latent heat, i. 60. 
Lateritious sediment, ii. 318. 
Laws of combination, i. 146. " 
Lead, ii. 28. , 
tests of, ii. 450. 
tree, ii. 46. 
Leather, ii. 269. 
Lemons, acid of, ii. 241. 
: salt of, ii. 239. 
Leyden jar, ii. 368. 
Libavius, liquor of, ii. 37. 
Ligaments, ii. 342. 
Light, i. 103. : 
chemical ray in, i. 110. 
effects of, i. 112. 
heating power of, i. 109. 


magnetising power of, i. 111. 


nature of, i. 107. 
Lignin, ii. 216. 
Lime, i. 446. 
and alkaline salts, i. 464. 
and chlorine, i. 449. 
and phosphorus, i. 448. 
salts of, 1. 455. 
stone, assay of, i. 456. 
and sulphur, i. 449. 
test of, ii. 425. 
water, i. 447. 
Liniment, volatile, ii. 183. 
Liquefaction, 1. 57. 
Litharge, ii. 28. 
Lithia, i. 491. 
Lithic acid, ii. 226. 
Lithium, i. 491. 
Litmus, ii. 355. 
paper as a test, ii. 422. 
Liver of sulphur, i, 424. 
Logwood, ii. 353. 
Luna cornea, ii. 89. 
Lunar caustic, ii. 91. 
Lupulin, ii. 220, 
Lymph, ii. 3)6. 


INDEX. 


M 


Madder, ii. 355. 
Magistery of bismuth, ii. 108/ 
Magnesia, ii. 484. 
alba, i. 484. 
test of, ii. 426. 
usta, i. 487. 
Magnesian lime stone, i. 491. ii. 457. 
Magnesium, ii. 484. 
Magnetic attraction, i. 115. 
Magnetism, electro, ii. 406. 
Malates, ii. 244. 
Malie acid, ii. 243. 
Malt, ii. 139. 
Malting. ii. 139. 
Malt liquors, ii. 139. 
Manganese, ii. 71. 
acids of, ii. 76. . 
oxids of, ii. 71. 
salts of, ii. 73. 
Manganesiate of potass, ii. 78. 
Manganesic acid, ii. 77. 
Manganesious acid, ii. ¢7. 
Marble, 1. 458. 
Margarates, ii. 182. 
Margaric acid, ii. 182. 
fassicot, ii. 28. 
Matter, i. 115. 
Meconic acid, ii. 248. 
Membranes, ii. 342. 
Mephitic acid, i. 294. 
Mercury, ii- 48. 
amalgams, ii. 61. 
~ chlorids, ii. 52. 
fulminating, ii. 60. 
oxids, ii. 49. 
salts of, ii. 53. 
sulphurets, ii. 51. 
tests of, ii. 448. 
Metals, i. 346. 
alloys, i. 355. 
carburets, i. 350. 
chlorids, i. 352. 
classification of, i. 363. 
cyanurets, i. 353. » 
ductility of, i. 347. 
general properties of, i. 346. 
iodurets, i. 353. | 
malleability, i. 347. 
oxids of, i. 348. 
how reduced, 1. 349. | 
phosphurets, i. 350. 
salts of, i. 354. - 
sulphurets, i. 351. 
Milk, ii. 309. 
sugar of, ii. 314. 
Mineral alkali, i. 376. 
| caoutchouc, ii. 207. 


INDEX. 


Mineral chameleon, ii. 76. 
tar, ii. 206. 
waters, ii. 414. 
ingredients of, how 
detected, ii. 421. 
Minium, ii. 28. 
Molasses, ii. 161. 
Molybdates, ii. 126. 3 
Molybdenum, ii. 124. 
Molybdic acid, ii. 124. 
Morass, ii. 159. 
Mordant, ii. 358. 
Moroxylic acid, ii. 249. 
Morphia, ii. 251. 
Mortar, i. 467. 
Mucic acid, ii. 164. 
Mucilage, ii. 164, 
Mucus, ii. 279. 
Mucous fluids, ii. 315, 
membranes, ii. 342. 
Multiples, laws of combination in, 
i, 151. 
_Mauriates, i. 428. 
ammonia, i. 436. 
antimony, ii. 66. 
baryta, i. 476. 
cobalt, ii. 111. 
gold, ii. 81. 
gold and soda, ii. 83. 
iron, ii. 11, 
lead, ii. 33. 
lime, i. 463. 
magnesia, i. 490. 
manganese, li. 75: 
mercury, ii. 57. 
platinum, ii. 99. 
potassa, i. 429. 
soda, i. 429. 
strontia, i. 482. 
tin, ii. 37. 
Muriatic acid, i. 330. 
table of quantity of, in 
fluids of different sp. 
gr. il. 486. 
tests of, ii. 424. 
how prepared, i. 431. 
Muriatic ether, ii. 156. 
Muscles, ii. 341. 
Muscular fibre, ii. 341. 
Mushrooms, principle in, ii. 218. 
Myrica cerifera, wax from, ii. 176. 
Myricin, ii. 176. 
Myrtle wax, ii. 176. 


N 


Naphtha, ii. 205. _ 
Naphtha from coal tar, ii. 206. 
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Naphthaline, ii. 214. 
Nascent state, i. 144. 
Warcotin, ii, 219. 
Neutral salts, i. 354. 
general properties of, 
i. 357. 
nomenclature of, i. 354. 
Neutralization, i. 127. 
Nickel, ii. 113. 
salts of, ii. 115. 
Nitrates, i. 383. 
ammonia, i. 394. 
baryta, i. 473. 
bismuth, ii. 108. 
copper, ii. 23. 
iron, il. 7. 
manganese, ii. 73. 
mercury, ii. 53. 
nickel, ii. 115. 
potassa, i. 383. 
silver, ii. 90. 
soda, i. 394. 
strontia, i. 481. 
tin, ii, 37. 
zinc, ii. 42. 
Nitre, i. 383. 
Nitric acid, i. 210. 
table of quantity of, in 
fluids of different sp. 
gr. li. 487. 
how prepared, i. 388. 
tests of, ii. 423. 
Nitric oxid, i. 215. 
how prepared, ii. 23. 
Nitrogen gas, 1. 204. 
peroxid of, i. 215. 
protoxid of, i. 210. 
Nitro-muriatic acid, i. 333. 
Nitrous acid, i. 289. 
gas, i. 215. 
oxid, i. 210. 
how got, i. 395. 
Nooth’s apparatus, i. 296. 
Nutgalls, ii. 200. 


O 


Oil gas, ii. 185. 
of vitriol, i. 303. 
of wine, ii. 151. 
Oils, animal, ii. 281. 
essential, ii. 186. 
fixed, ii. 177. 
unctuous, ii. 177. 
vegetable, ii. 177- 
volatile, ii. 186. 
Oino-thionic acid, ii. 193. 
Olefiant gas, i. 229. 
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Oleic acid, ii. 182. 
Olivile, ii. 221. 
Olive oil, ii. 177. 
Opium, ii. 251. 
acid of, ii. 248. 
active principle of, ii. 251. 
tests of, ii. 453. 
Orpiment, ii. 253. 
Osmazome, ii. 280. 
Osmium, ii. 104. 
Oxalates, ii. 239. 
ammonia, ii. 239. 
of lime, ii. 240. 
magnesia, ii. 240. 
metallic, ii. 240. 
potass, li. 239. 
Oxalic acid, ii. 237. 
tests of, ii. 451. 
Oxidation, i. 348. 
Oxid, cystic, ii. 335. 
nitric, i. 215. 
nitrous, i. 210. 
xanthic, ii. 336. 
Oxids, metallic, i. 340. 
nomenclature of, i. 340. 
of antimony, ii. 63. 
bismuth, ii. 107. 
chromium, ii. 121. 
cobalt, ii. 110. 
copper, ii. 22. 
gold, ii. 80. 
iron, ii. 2. 
lead, ii. 28. 
manganese, ii. 71. 
mercury, ii. 49. 
molybdenum, ii. 124. 
nickel, ii. 114. 
platinum, ii. 90. 
silver, ii. 88. 
tellurium, ii, 128. 
tin, ii. 25. 
titanium, ii. 131. 
tungsten, ii. 127. — 
uranium, ii. 119. 
zinc, ii, 41. 
Oxigen, i. 170. 
how prepared, i. 411. ii. 75. 
Oxigenated uric acid, ii. 329. 
Oxi. hydrogen blowpipe, i. 197. 
Oxi-muriatic acid, i. 254. 
Oxi-muriate of lime, i. 450. 


- P ‘ 


Palladium, ii. 105. 
Pancreatic juice, ii: 302. 
Paris plaster, i. 462. 


| Peat, ii. 159. 
| Perchloric acid, i. 322. 


INDEX. 


Particles, elementary, i. 114. — 
integrant, i. 114. 

Papin’s digester, i. 72. 

Pearl ashes, i. 397. 

assay of, ii. 454. 


how prepared, ii. 415. 


| Percussion lock, i. 417. 
| Peroxid of barium, i. 472. 


chlorine, i. 259. 
hydrogen, i. 203. 
nitrogen, i. 215. 
potassium, i. 367. 
Perspiration, fluid of, ii. 316. 
Petrifactions, i. 458. 
Petroleum, ii. 206. 
Pewter, ii. 70. 
Phenicin, ii. 351. 
Phlogiston, i. 177. 
Phosgene gas, i. 268. 
Phosphates, i. 405. _ 
ammonia, i. 406. 
. lime, 1. 459. _ 
magnesia,i. 488. 
and ammonia, i. 488. 
silver, ii. 92. 

soda, i. 405. : 
Phosphatic acid, i. 304. 
Phosphorescence, i. 106. 
Phosphori, i. 106. 

Phosphoric acid, i. 300. 
how obtained, i. 460. 

Phosphorous acid, i. 303. 
Phosphorus, i. 238. 

how prepared, i. 302. 

Canton’s, i. 106. 
Phosphurets, i. 350. . 

of calcium, i. 448. 

. potassium, i. 369. 
Phosphuretted hydrogen, i. 241. 
Picromel, ii. 304. 

Picrotoxia, ii. 258. 
Pinchbeck, ii. 46. 
Piperin, ii. 220. 
Pit coal, ii. 207. 
Plaster of Paris, i. 462. 
Platinum, ii. 98. 
alloys of, ii. 103. 
fulminating, ii, 102. 
salts of, ii. 99. ) 
Plumbago, i. 238. 
Pneumatic chemistry, i. 293. 
Poisons, detection of, ii. 437. 
Polycroite, ii. 354. 
Porter, ii. 141. 
Potashes, i. 397. 
assay of, ii. 454, 


Potassa, i. 373, 


INDEX. 


Potassa, how prepared, i. 464. 
tests of, ii. 424. 
Potassium, i. 363. 
Potato starch, ii. 170. 
Precipitated sulphuret of antimony, 
ii. 67. 
Precipitation, i. 128. 
Pressure of the air, i. 165. 
influence on gases, i. 170. 
Primitive form, i. 122. 
Protectors of copper-sheathing, ii. 404. 
Proportions in whick bodies unite, 
i. 146. 
Prussian blue, i ii. 17. 
Prussiates, ii. 15. 
Prussiate, triple of potass, ii. 15. 
colour of precipitates pro- 
duced by, ii. 490. 
Prussic acid, i. 341. ii. 15. 
Purple powder of Cassius, ii. 84. 
Purpurates, ii. 329. 
Purpuric acid, ii. 329. 
Pus, ii. 316. 
Putrefaction, animal, ii. 262. 
vegetable, ii. 159. 
Putrefactive fermentation, ii. 137. 
Puzzolana, i. 468. 
Pyrites, iron, ii. 7. 
Pyroligneous acid, ii. 231. 
Pyrometers, i. 19. 
Pyropherus of Homberg, i. 496. 
Pyro-tartari¢ acid, ii. 236. 
Pyro-uric acid, ii. 328. 


Q 


Quantity, its influence on affinity, 
i. 135. 

Quercitron bark, ii. 356. 

Quicksilver, ii. 48. 

Quinin, ii. 256. 


R 


Radiant heat, i. 36. 
Radiation. of heat, i. 36. 
of cold, i. 49. 

Rays, calorific, in light, i. 109. 
chemical, do. i- 110. 
coloured, of spectrum, i. 108. 

Realgar, i. 253. 

Rain water, ii. 415. 

Red lead, ii. 28. 

Reduétion of metals, i ii. 349. 

Refraction of light, i, 105. 
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Register thermometers, i. 17. 
Remote attractions, i. 115. 
Rennet, ii. 311. 
Repulsion, i. xiv. 
Resins, ii. 192. 
Respiration, ii. 292. 
Rete mucosum, ii. 340. 
Retinasphaltum, ii. 207. 
Rhodium, ii. 105. 
Rochelle salts, ii. 234. 
Rosacic acid, ii. 329. 
Rum, ii. 143. 
Rust of iron, ii. 28. 

how prevented, ii. 405. 
Rutherford’s thermometer, i. 18. 


S 


Saccho-lactic acid, ii. 314. 
Safety lamp, i. 234. 
Saffron, ii. 354. 
Sago, ii. 169. 
Salop, ii. 169. 
Sal ammoniac, i. 436. 
Salifiable base, i. 357. 
Saline mineral waters, ii. 419. 
Saliva, ii. 298. 
Salt, common, i. 436. 

of lemon, ii. 239. 

of tartar, i. 397. 
Salts, neutral, i. 357. 
Sandiver, i. 504. 
Sarcocoll, ii. 221. 
Saturated solution, i. 148. 
Saxon blue, ii. 350. 
Scale of equivalents, ii. 493. 
Scheele’s green, ii. 25. 
Sea water, ii. 420. 
Sediment, ‘lateritious, ii. 318. 
Secondary form, i. 122. 
Seleniates, i. 421. 
Selenic acid, i. 324, 
Selenite, i. 462. 
Selenium, i. 275. 
Selenuretted hydrogen, i. 337. 
Serosity, ii. 284. 
Serum of blood, ii. 284. 
Serous membranes, ii. 342. 
Sesquicarbonate of ammonia, i. 403. 
Shells, ii. 346. 
Silica, i. 499. 

test of, ii. 427. 

Silicates, i. 503. 
Silicated potassa, 1. 503. 
Siliceo-fluoric acid, i. 501. 
Silicon, i. 500. 
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Silicum, i. 499. 
Silk, bitter principle from, ii. 350. 
Silver, ii. 88. 
alloys of, ii. 95. 
chlorid of, ii. 89. 
fulminating, 11. 93. 
oxids, ii. 88. 
salts of, ii. 90. 
standard, ii. 95. 
sterling, li. 95. 
Size, ii. 273. 
Skin, ii. 339. 
Slaked lime, i. 447. 
Smalt, ii. 112. 
Soap, ii. 179. 
Soda, i. 376. 
tests of, ii. 425. 
Sodium, i. 376. 
Solania, ii. 260. 
Solar rays, i. 103. 
Solder, ii. 40. 
Solution, i. 128. 
saturated, i. 148. 
Sorbic acid, ii. 243. 
Sorrel, salt of, ii. 239. 
Sources of cold, i. 95. 
heat, i. 84. 
Spar, sheavy, 1 i, 475. 
fluor, i. 454. 
Specific gravity, ii. 463. “a 
altered by heat, i. 8. 
Specific caloric, i. 53. 
Speculum, metal, ii. 40. 
Spectrum, prismatic, i. 108. 
Speiss, ii. 115. 
Spermaceti, ii. 282. 
Sperm oil, ii. 281. 
Spirit, pyroxilic, ii. 217. 
of mindererus, ii, 225. 
of sea salt, i. 330. 
of wine, ii, 144. 
Spontaneous evaporation, i. 196. 
Spring water, ii, 416. 
Stalactites, i. 458. 
Standard gold, ii. 85. 
silver, ii. 95. 
Starch, ii. 166. 
Starchy lignin, ii. 167. 
Steam, elasticity of, i. 74. 
latent heat of, i. 76. 
table of force of, ii. 481. 
used as a means of heating, 
i. 81. 
Stearic acid, ii, 183. 
Steel, ii. 4. 
Still, i. 80. 
Strontia, 1. 480. 
salts of, i. 481. 
Strontium, i. 480. 


INDEX. 


Strychnia, ii. 257. 
Stucco, i. 462. 
Suberic acid, ii. 218. 
Suberin, ii. 218. 
Suet, ii. 281. 
Sugar, ii. 160. 
of diabetic urine, ii, 339. 
of lead, ii. 227. 
of milk, ii. 314. 
Sulphates, i. 408. 
alumina and potassa, i. 494. 
ammonia, i. 410. 
baryta, i. 475. 
copper, ii. 24. 
iron, ii. 9. 
lead, ii. 32. 
lime, i i. 461. 
magnesia, i. 489. 
manganese, ii. 74. 
mercury, ii. 56. 
potass, i. 408. | 
silver, ii. 92. . 
soda, i. 409. 
strontia, i..483. 
quinia, ii. 256. 
zinc, li. 43. 
Sulpho-cyanates, i. 441. 
Sulpho-chyazic acid, i. 343, 
Sulpho-cyanic acid, i. 342. 
Sulpho-vinic acid, ii. 153. 
Sulphur, i. 248. 
Sulphureous waters, ii. 419. 
Sulphurets of antimony, ii. 65. - 
arsenic, i. 252. 
barium, i. 475—478. 
calcium, i. 462. 
carbon, i. 250. 
chlorine, i. 269. 
iodine, i. 273. 
. iron, ii. 6. 
lead, ii. 30. 
lime, i. 448. 
mercury, ii. 5]. 
metals, i. 351. 
potaasa, i. 375. 
potassium, i. 369. 
selenium, i. 276. 
silver, ii. 89. 
soda, i. 377. 
sodium, i. 371. 
strontium, i. 483. 
tin, ii. 36. 
zinc, ii. 32. 


Sulphuretted hydrogen, i. 326. 
Sulphuretted chyazic acid, i. 343. 
Sulphuric acid, i. 308. . _ 


how got, i. 392. ii. 10. 


Sulphuric acid, table of strength of, ii. - 
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Sulphuric acid, tests of, ii. 424. 
Sulphuric ether, ii. 151. 
Sulphurous acid, i. 314. 

Sweat, ii. 316. 

Synovia, ii. 316. 

Synthesis, i. 124. 

Syrup, ii. 162. 


Tallow, ii. 281. 
Tan, ii. 198. 
Tannin, ii. 198. 
artificial, ii. 203. 
Tanning, ii. 269. 
Tanuret of gelatin, ii. 268. 
of iron, ii. 199. 
Tantalum, ii. 132. 
Tar, miner, 206. 
vegetable, ii. 212. 
Tarras, i. 468. 
Tartar, ii. 231. 
cream of, ii. 233. 
emetic, ii. 235. 
salt of, i. 397. 
soluble, ii. 234. 
Tartrates, ii. 233. 
antimony and potass, li. 235. 
lime, ii. 235. 
potass, ii. 234. 
potassa and soda, ii, 234. 
soda, ii. 234. 
Tartaric acid, ii. 231. 
Tawing, ii. 271. 
Tears, ii. 315. 
Teeth, ii. 345. 
Telluretted hydrogen, ii. 129. 
Tellurium, ii. 128. 
Temperature, i. 1. 
influence over attraction, i. 
138. 
Tendons, ii. 342. 
Terra ponderosa, i. 271. 
Thermometer, i. 12. 
air, i. 12. 
centigrade, i. 16. 
differential, i. 13. 
of Celsius, i. 13. 
of Fahrenheit, i. 15. 
of Reaumur, i. 15. 
Thermoscope, i. 39. 
Thorina, i. 513. 
Tin, ii. 34. 
alloys of, ii. 39. 
oxids of, ii. 35. 
salts of, ii. 37. 
Tincal, i. 407. 
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Tinned iron, ii. 39. 
Tinning, ii. 39. 
Tinsel, ii. 46. 
Titanic acid, ii. 131. 
Titanium, ii. 130. 
Tragacanth, ii. 167. 
Treacle, ii. 161. 
Truncation, i. 121. 
Tungsten, ii. 126. 
Tungstic acid, ii. 127. 
Turpeth mineral, ii. 57. 
Turmeric, used as a dye, ii. 356. 
as a test, ii. 424. 
Turpentines, ii. 193. 
oil of, ii. 187. 
Type metal, ii. 70. 


U 


Ulmin, ii. 221- 
Uraniun, ii. 119. 
Urates, ii. 227. 

Urea, or uree, ii. 323. 
Uric acid, ii. 326. 
Urine, ii. 317. 

Urinary calculi, ii. 330. 


Vv 


Vacuum, boiling in, i. 71. 
evaporation in, i. 96. 
Vaporization, i. 66. 
Vapour, i. 66. 
of alcohol, force of, ii. 479. 
of ether, do. ii. 479. 
of water, do. il. 476. 
condensation of, i. 67. 
Vegetable acids, ii. 223. 
alkalies, ii. 250. 
chemistry, ii. 134. 
mould, ii. 159. 
principles, ii. 161. 
Veratria, ii. 259. 
Verdigris, ii. 226. 
Vermilion, ii. 51. 
Vinegar, ii. 157. 
distilled, ii. 222. 
from wood, ii. 158. 
Vinous fermentation, ii. 138. 
| Vital air, i. 171. 
Vitreous humour of the eye, ii. 315. 
Vitriol, blue, ii. 24. 
green, ii. 9. 
oil of, i. 308. * 


Se oC 


Vitriol, white, ti. 44. 
Volta’s eudiometer, i, 202. 
Voltaic electricity, ii. 377. 
pile, ii. 3 7. 
Volumes, combination in, i. 151. 


WwW 


Water, i. 187. 
expansion Of in freezing, i. 22. 
solubility of gases in, i. 190. 
of crystallization, i. 121. 
of the Dead Sea, ii. 421. 
of the ocean, ii. 420. 
of the River Jordan, ii. 421. 
of the Baltic, ii. 420. 
oxigenated, i, 203. 
Waters, mineral, ii. 416. 
analysis of, ii. 421. 
classification of, ii. 419. 
table of composition of, 
ii, 492. 


Watery fusion, i. 121. 


Wax, ii.-174. 
Wedgewood’s pyrometer, i289. 
Weights and measures, ii. 471. 
Welding, ii. 2. 
Wheat flour, ii. 166. 
Whey, ii. 313. 
White copper, ii. 116. 
White lead, ii. 31. 
White vitriol, ii. 44. 
Wine, ii. 139. 
tale of quantity of alcohol in, ii. 
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Wine, oil of, ii. 151. . 
Wollaston’s ‘scale of a nei eit 
4.99. ; 
W ood, acid from, ii. 231. 
Woody fibre, ii, 216. 
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Xanthic oxid, ii. 336. 
Xanthogen, i, 281. 
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Yeast, ii. 172. . 
Yellow arsenic, ii. 253. ie 
Yellow chrome, ii. 123. 
Yttria, i. SLL. . 
Yttrium, i. 511. + 


Zaffre, ii. 112. Y 
Zero, i. 15. ; 
Zinc, ii. 40. 

alloys of, ii. 45. 

oxid of, ii. 41. 

salts of, ii. 42. 

tree, ii. 46. 
Zirconia, ii. 512. 
Zirconium, ii. 512. 
Zymome, ii. 172. 
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